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SUMMARY 
1. ' Data are presented showing the variability among the 
yields of 2,304 hills of each of three commonly-grown strains of 
yellow dent corn. The variability among the mean yields of 
different numbers of randomly drawn perfect-stand hills de· 
creased in close agreement with theoretical expectancy, as the 
number of hills increased to a total of 192. The reduction was 
rather small, however, after 48 hills were drawn so that this 
number may be considered about sufficient to represent a variety. 
2. In a comparison of open-pollinated varieties and crosses 
of inbred lines equal degrees of precision were attained with 
about one-half as many plants or hills of crosses as of open-pol-
linated varieties. 
3. The variability of plot yields decreased as the size of plot 
increased from 8 to 16, to 24 and to 48 hills, but the decrease 
was not proportional to the size of plot. The experimental error 
for a given area, therefore, would be lower with larger numbers 
of smaller plots. 
4. Variability among the means of dummy "varieties" de-
creased as the number of hills devoted to a "variety" increased 
from 96 to 144 and to 192: The decrease in variability was in 
close agreement with theoretical expectancy when the effect of 
correlated variation was considered. 
5. The results agree with those of other investigations in that 
single-row (long, narrow) plots had a lower experimental error 
than plots of the same size but more nearly square. Shape was 
less important with smaller plots. 
6. Correlation among the plots within replications was rela-
tively large on~y when the number of "varieties" was relatively 
small. Maximum correlations were obtained in two experiments 
with 32 single-row plots in a replication. In the third experiment 
about equal correlations were obtained with 24, 32 and 48 single-
row plots in a replication. Correlations within 4 and 6-row 
groups of plots such as would be used with the moving average 
method were markedly higher than the above. The variation 
that can be eliminated by analysis is restricted to that between 
replications. Analysis of variance, therefore, will be the most 
efficient when oply a few items are being compared. Some of the 
variation within replications can be eliminated by adjusting to 
regression on a moving average. 
7. The significance of differences approximating 7.6, 8.9 and 
9.9 percent of the mean was determined with 18 8-hill, nine 16-
hill and six 24-hill plots, respectively. Although the significance 
was not shown in every comparison of plot sizes or numbers of 
replications, the tendency was toward the greater efficiency of 
the smaner plot and toward a reduction in the estimated vari-
ance in fairly good agreement with theoretical expectancy as the, 
number of replications was,increased. 
Factors Affecting Experimental Error in Field 
Plot Tests With Corn1 
By ARTHUR A. BRYAN' 
Much has been done to establish standardized technic for 
agronomic experiments. A bibliography of 177 publications 
dealing with experimental methods is listed in a report by a 
committee of the American Society of Agronomy for the stand-
ardization of field experiments (1 ) . Many additional papers 
have been published since this report. It might seem from a 
casual review of these papers that the last word had been said 
on field plot technic. 
Most of the reports on plot" technic concern small grains or 
potatoes, r elatively few relating to corn. Corn plants, because 
of natural cross fertilization, would be more variable than those 
of a naturally self-fertilized species, like wheat or oats, or those 
of one propagated vegetatively like potatoes. Furthermore, the 
relatively large area required by a corn plant necessitates a lower 
limit to the total number grown in an experiment. Finally the 
large unit area required, makes the use of larger experimental 
fields necessary, thereby tending to increase the total variability 
due to soil. It is more difficult, therefore, to obtain comparable 
soil conditions in an experiment with corn than with small 
grains. 
It is the purpose of this publication to present and interpret 
the data from a study of the number of hills required to repre-
sent adequately a strain of. corn, and the number of hills and 
their best distribution to sample with any required degree of 
precision the variability of an experimental field. 
It is realized that the results obtained from specific data may 
not be directly applicable to general use, but the determination 
of the influence of factors affecting the estimate of error should. 
aid in planning experiments to attain any desired degree of pre-
cision most efficiently. 
JREVIEW OF LITERATURE 
Lyon (6 ) , comparing the yields of plots pla~ted with seed 
from the same ears of corn and plots planted with mixed seed, 
found no significant difference. After repeating the experiment 
another year he (7) reported that the probable error of 19 plots 
planted with seed from the same ears was 6.0 percent of the 
mean, whereas that of 37 plots planted with mixed seed was 5.2 
percent. He concluded that" the experiments of the two years 
indicated that a plot having an area of one-hundredth acre and 
'Proj ect No. 160 of the Iowa Agri cultural Experiment Station. 
'The writer acknowl edges hi . indebtedness t o Mr. F . D . Ri chey and Prof. G. W . 
Snedecor for their valuable sugge stions as to stati stica l methods, to Dr . E. W. 
Lindstrom for his helpful criticism and inspiration, to Prof. H . D . Hughes and 
Prof. L. C. Burnett for assistance in collecting the data, and to his wife for 
assistance in making and checking the many calculations. 
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growing a hundred maize plants is large enough to eliminate 
errors in the productiveness of plants, at least so far as it can 
be estimated by the method used." 
McClelland (8) found the probable error of a single plot of 
corn to be 6.06 percent of the mean for one series of 24 plots 
each consisting of nine rows 36 hills long, and 8.30 percent for 
another similar series. He also found a slightly smaller error 
among long narrow plots than among plots twice as wide and 
half as long. He drew no conclusion as to the best size of plot 
or number of replications, but found an error of 2.1 percent of 
the mean for one-tenth acre in nine distributed rows 36 hills 
long-. 
" Student" (13) studied the distribution of the standard 
deviations of small samples and computed tables from which to 
estimate the significance of differences between the means of 
small samples. He showed the tendency of the standard devia-
tions estimated from small samples to be too small, resulting in 
too high probabilities when interpreted with the usual tables. 
"Student" (14) emphasized the advantage of pairing adja-
cent plots of two varieties over calculated independent probable 
errors for each. He suggested harvesting the plots in 
halves in order to get the greatest benefit from this 
method. In a more recent paper (15 ) he presented the 
( (T2T - (T2R - (T2G) 
formula, 2m (m -1) (n -1) , for the variance of a com-
parison between any two of several varieties being compared. 
Fisher (2) suggested the analysis of variance and has elabor-
ated on this method and on the use of the Latin square system 
of plot arrangement. He showed that the variance in an ex-
periment may be divided into two or more portions, only one of 
which constitutes the random or experimental error. The neces-
sity for random arrangement of plots is emphasized, but cer-
tain restrictions are permitted which tend to equalize the in-
fluence of soil heterogeneity on: the different varieties and 
thereby to reduce the experimental error, as well as to provide 
for its more precise estimation. 
Richey (10, 11, 12) suggested a method for adjusting yields 
to their regression on a moving average of deviations in the 
yields of adjacent plots. This is based on the assumption that 
the deviations of adjacent plot yields provide a reliable esti-
mate, within the limits of the regression, of the productivity 
of the individual plots. Consequently, the mean yields of the 
varieties may be changed after adjustment as well as the 
standard error. A reduction in standard error appreciably 
greater than that by the analysis of variance was shown. 
Moller-Arnold and Feichtinger (9) described a moving aver-
age method proposed by Mitscherlich in which the yield of 
each plot was computed in percentage of the mean of a group 
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of neighbor plots. The size of this group depended upon the 
number of items compared. The final yield of each item was 
adjusted by using the mean of its percentages and the general 
mean of the absolute yields. 
The same authors describe a method proposed by Knut Vik 
whereby the deviation of each plot yield from the mean yield of 
all plots of that item is used as an index of productivity for that 
plot. A second distribution may be found which meets the re-
quirements of the first, namely, that each item occur only once 
in each longitudinal and once in each vertical series. The error 
was then computed from the deviations of each item from O. 
Such a procedure usually resulted in a marked reduction in 
error. 
MATERIAL 
Some phases of plot technic can be studied satisfactorily only 
with data from a uniform planting (an area planted under the 
same conditions to the same variety) where the size and shape 
of plot and the number of replications can be varied as desired. 
Such ,experiments were conducted in 1923 with a planting of 
Krug and in 1925 with one planting each of Ioq.ent and Mc-
Culloch, all yellow dent strains of corn. These three experi-
ments will be referred to hereafter as K-23, 1-25 and M-25, re-
spectively. Each Df the three plantings consisted of 48 rows 
each 48 hills long, making a total of 2,304 hills or 0.65 acre. 
Five or six kernels per hill were planted. After emergence 
the number of plants in a hill was reduced to three. A record 
of the number of plants in a hill was made somewhat later, but 
before any suckers had developed to a point where they could not 
be distinguished. The stand was determined again just before 
harvest, being checked against the earlier record. Although the 
stands were not perfect, the yields, with the one exception noted 
in experiment K-23, have been used without any adjustment for 
stand. The stands were fully as good as any likely to be ob-
tained in experimental work. 
The ears from each hill were put into a numbered paper bag 
as harvested, and stored until thoroughly dry. Each hill yield 
then was weighed to the nearest one-hundredth pound. It is 
thus possible to combine individual hill yields into those for 
rows of any length up to 48 hills, extending either east and west 
or north and south. Rows extending east and west will be dis-
tinguished by the letter E and those extending north and south 
by the letter N. Thus experiment K-23 may be considered as 
having two parts, K-23-E and K-23-N, and similarly for experi-
ments 1-25 and M-25. 
Other phases of plot technic may be studied best in connection 
with experiments conducted for other purposes. Data were ob-
tained from the Ames field of the 1924 and 1925 Iowa corn yield 
tests, designated Y-24 and Y-25. The 1924 field was planted 
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with 38 strains and the 1925 field with 54 strains. Each strain 
was planted in 10 three-row plots, the rows being 25 hills long. 
Data on yield and stand were obtained for each row and are 
used to study the effects of competition among strains of corn 
satisfactorily adapted to this locality. The relation of stand 
to competitive effect also was studied with data from four 1923 
Iowa Corn Yield Test fields. 
The yields of individual plants of 12 open-pollinated strains 
and 12 crosses of selfed lines grown in 24-hill plots in the Ames 
field of the 1926 Iowa Corn Yield Test are used in comparin% 
the variability of these two kinds of corn. This experiment IS · 
designated Y-26. 
Experiments K-23, 1-25 and M-25 were located on Carrington 
loam soil; hence, any variability among hills or plots was wholly 
within the soil type. For the most part each of the other experi-
ments was located within one soil type. Comparisons, however, 
were made usually within plots or between adjacent plots so 
that soil type would be less important than in the first three 
experiments. 
The detailed records obtained in these experiments are on file 
at the Iowa Agricultural Experiment Station. The yields of 
8-, 16-, 24-, and 48-hill plots in experiments K-23, 1-25 and M-25, 
however, are given in an appendix, tables XXII to XXVII, 
inclusive. 
EXPERIMENTAL METHODS 
Comparison was made between the observed results and those 
expected on the basis of theory. Methods of calculating the 
theoretical expectancy generally will be explained with the 
presentation of results. 
The coefficient of variation was used primarily in studying 
the variability of different sized plots and different sized groups 
of hills in distributed plots so that comparison could be made 
directly between different sizes and between experiments. The 
effect of replication was measured by a comparison of the actual 
variance among the means of dummy ·" varieties" and the vari-
ance estimated from that of the experiment. The differences 
between the means in all possible comparisons and the percent-
ag'es of such differences that were significant were determined. 
A significant difference was taken as one which exceeded 
1.959964 times its standard error. Fisher's tables (2) indicate 
that 5 percent of the differences may be expected to exceed 
1.959964 times the standard error where chance alone is operat-
ing. The occurrence of approximately 5 percent of significant 
differences thus would constitute reasonable agreement between 
theory and observation. 
A block or group includes one plot of each "variety." Varia-
tion between blocks was eliminated according to Fisher's analysis 
of variance method. The correlated variation eliminated by this 
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method is that due to the fact that the plots constituting a block 
resemble each other in productivity more than they resemble the 
general average. The coefficients of intraclass correlation among 
the hills of a plot or group or among the plots constituting a 
block were determined by the method described by Harris (3, 4 ) . 
VARIABILITY OF HILL YIELDS 
The variability of hill yields is important primarily in study-
ing the methods of sampling. The first question concerns the 
total area or number of hills to be devoted to each variety. 
How many hills are required to represent the variability of the 
variety and how many are required to reduce the effects of soil 
variability to a reasonable minimum ~ 
Frequency distributions of the 2,304 hill yields in experiments 
K-23, 1-25 and M-25 are shown in table I. The means, standard 
deviations and coefficients of variation also are shown. The 
standard deviations in the three experiments differ in the same 
order Q,s the mean yields but the coeffiicients of variation are in 
the reverse order. The mean yield was in the modal class in ex-
periments 1-25 and M-25, but in the class next below the mode 
in experiment K-23. 
TABLE T. FREQUENCY DISTRIBUTIONS FOR THE 2,30 4 HILL YIELDS IN 
POUNDS FOR EACH OF EXPERIMENTS K-23 , 1·25 AND M·25 
Class Class Frequency in experiments 
interval center K·23 1·25 M·25 
0 0 11 23 20 
.01 - .20 .1 3 3 3 
.21 - .40 .3 7 5 12 
.41 - .60 .5 35 29 55 
.61 - .80 .7 66 95 191 
.81 -1.00 .9 105 28 8 381 
1.01 -1.20 1.1 243 494 623 
1.21 -1.40 1.3 357 521 534 
1.41 -1.60 1.5 459 509 322 
1.61 -1.80 1.7 525 243 117 
1.81 -2.00 1.9 359 74 34 
2 .01 -2. 20 2.1 123 18 9 
2.21 -2.40 2.3 10 2 3 
2.41 -2.60 2.5 1 0 0 
Mean yield, lbs ........................................ 1.493 
Standard deviation, lb s . .................... ... ... 0.384 







To study the number of hills required to represent a strain 
of corn adequately, the effects of imperfect stand and of soil 
heterogeneity were eliminated as much as possible by using only 
perfect stand hills and adjusting for soil heterogeneity. Per-
fect-stand hills surrounded by perfect-stand hills, as shown in 
fig. 1, were selected from the 2,304 hills in experiment K-23. · 
There were 950 such perfect-stand hills surrounded by a perfect 
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stand in both the adjacent and guard hills. The mean hill yield, 
the standard deviation and the coefficient of variation for all 
hills and for these perfect-stand hills are shown in table II. 
TABLE II. MEAN HILL YIELD, STANDARD DEVIATION, AND COEFFICIENT 
OF VARIATION FOR THE ACTUAL YIELDS OF ALL HILLS AND OF PERFECT· 
STAND HILLS, AND FOR THE ADJUSTED YIELDS OF PERFECT-STAND 
HILLS IN EXPERIMENT K-23 
Kind of Mean 
I 
Standard Coefficient 
yield hill yield deviation of variation 
Pounds Pounds Percent 
Actual, all hills .... .. ... .... . - .. _-- 1.493±0_00801 0_384±0.00571 25.7±0.381 
Actual, 950 perfect-stand 
hills .. __ .. _--_ . . __ ... . . _-- _ . . ... ....... . 1.532±0.01l0 0 .339±0_0078 22.1±0.51 
Adjusted, 950 perfect-stand 
hill s ---- .. ----.- .. _--- ... _ ....... _---_ .. 1.533±0.0099 0.305±0.0070 19.9±0.46 
lStandard errors. 
ADJUSTING YIELDS FOR SOIL HETEROGENEITY 
The yields of the 950 selected perfect-stand hills were adjusted 
for soil heterogeneity. The mean, Ms, of the yields of the selected 
hill, s, (fig. 1), and the four adjacent hills, X, was taken as a 
measure of the productiveness of the soil on which the selected 
hill, s, was located. The mean hill yield of the entire group of 
950 selected hills, M9S0 , was used as a base toward which adjust-
ments were made. With As representing the actual yield of 
the selected hill, the following proportion was used in making 
adjustments: 
Ms : M9S0 = As : X 
The coefficients of variation for the actual and for the adjusted 
yields of perfect-stand hills are shown in table II. The reduc-
tion in variation due to adjustment is statistically significant. 
The reduction in the standard error due to eliminating imper-
fect-stand hills is statistically significant, according to the 
method given by Fisher (2). 
o 
o X 0 
o x s x 0 
o x 0 
o 
Fig. 1. Each perfect-stand hill , s, contained three plants and was surrounded 
by 3·plant adjacent hills, x , and 3·plant guard hill s, o. 
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This method of adjusting the yields is open to some criticism. 
The adjustment might better have been made on the basis of 
the regression of the selected hill yield on the mean yield of the 
four adjacent hills. The adjustments were made and the ran-
dom drawings completed, however, before this was realized. 
The method of making the adjustments is based on the assump-
tion that the regression of the selected hill yield on the mean of 
the 5-hill group, in which it is included, is 1.000. This regression 
is 0.139. The regression on the mean of the four surrounding 
hills is 0.068. The reduction in the standard deviation on the 
basis of the true regression, therefore, would have been small. 
The agreement between theory and observed results from draw-
ing the correctly adjusted hill yields should be equally good. 
The reduction in variation with increasing' numbers would be 
less and consequently the number of hills for a representative 
sample of the variety would be somewhat greater. 
The number of hills required to obtain odds of 30 to 1 against 
a difference greater than that observed being due to chance for 
a given percentage difference may be determined from the 
formula, N = 2(C.V. )2 (1.85)2/ (Dp )2 where Dp is the per-
centage difference which it is desired shall be significant, and 
1.85 the ratio of Dp/ C.V. required to indicate such odds. 
Applying this formula to the data in table II and taking 100 
as the number of hills required for a given degree of precision 
when the actual yieids of all hills are used, the 74 perfect-stand 
hills and only 60 perfect-stand yield-adjusted hills are required 
to give the same degree of precision. In this experiment, there-
fore, 26 percent fewer hills were required to obtain any given 
degree of precision with only perfect-stand hills than with all 
hills regardless of stand. Adjusting the yields of the perfect-
stand hills further reduced the number of hills required for 
any given degree of precision by 18.9 percent. The adjusted 
yields of the perfect-stand liills were used in the later computa-
tions to determine the number of hills r equired to represent a 
strain, as the interest was in plant variation rather than soil 
variation. 
VARIABILITY OF RANDOM SAMPLES OF HILL YIELDS 
Each adjusted yield was written on a card. The 950 cards 
were. thoroughly shuffled. One card was drawn at random, the 
yield was recorded, and the card replaced. This was continued 
until 2,500 such drawings had been made. From the randomly 
drawn hill-yields were drawn 100 group-yields of 1, 4, 8, 16 and 
24 hills each, 50 of 48 hills, 25 of 96 hills and 12 of 192 hills. 
As the location of the component hills in the experiment field 
was a matter of chance, the possibility of any significant corre-
lated variation within groups was avoided. 
The coefficient of variation among the mean yields of the 
groups of each size and the theoretical coefficient of variation for 
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TABLE III. OBSERVED COEFFICIENTS OF VARIATION FOR THE MEAN 
YIELDS OF GROUPS OF DIFFERENT NUMBERS OF HILLS DRAWN AT RAN· 
DOM AND THEORETICAL COEFFICIENTS FOR GROUPS OF THE SAME 
SIZE IN EXPERIMENT K-23 
.... 
No. of hills No. of Coefficients of variation 
in groups groups Ob served Theor etical 
1 100 19.7±1.451 19.9 
4 100 10.0±0.70 10.0 
8 100 6.3±0.44 7.0 
16 100 4.5±0.32 5.0 
24 100 3.5±0.25 4.1 
48 50 2.7+0.27 2.9 
96 25 2.0±0.28 2.0 
192 12 1.3±0.26 1.4 
lStandard errors. 
each group are shown in table III and shown gTaphically in 
fig. 2. Each theoretical coefficient was obtained by dividing the 
coefficient of variation for the adjusted yields of the 950 per£ect-
stand hills by the square root of the number of hills in the group. 
'fhe agreement between the observed and theoretical is very 
good, although for most of the groups the observed is somewhat 
less than the theoretical. Presumably, the agreement would con-
tinue for larger numbers of hills. These data indicate, conse-
quently, that any desired degree of precision may be obtained 
by increasing the number of hills appropriately when the hills 































40 80 120 160 200 
N UMBER OF H I LLS I N THE. SAM P LE. 
Fig. 2. Observed coeffi cients of variation for the mean yields of samples of dif -
ferent numbers of hill s drawn at randoin and the theoretical coefficients for the 
same s ized groups of random hills in Experiment K-23. 
VARIABILITY OF OPEN-POLLINATED STRAINS AND OF 
CROSSES OF INBRED LINES 
The corn used in experiment K-23 was an open-pollinated 
strain of rather broad breeding. The question arises as to the 
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relative variability of such open-pollinated strains and of crosses 
between inbred lines. 
In experiment Y-26 the yield of each plant was obtained for 
12 open-pollinated strains and 12 crosses of inbred lines each 
grown in a plot of two rows 12 hills long. The plot~ of the 
strains and crosses were distributed at random within the ex-
periment. The coefficients of variation for all plants in 3-plant 
hills, with the effect of the variation due to hills and to strains 
first having been eliminated, are shown in table IV. Similar 
data for the hill yields, with variance due to strain eliminated, 
are shown in the same table. 
Within this group of strains and crosses, only 52.5 percent 
as many plants of the crosses as of the open-pollinated strains 
were required for a given degree of precision. 
TABLE IV. COEFFICIENTS OF VARIATION AMONG THE PLANT YIELDS 
AND THE HILL YIELDS OF 12 OPEN·POLLINATED STRAINS AND 12 
CROSSES OF INBRED LINES IN EXPERIMENT Y·26 
Number of Coeffici ents of variation among 
plants hill s pl ants hill s 
Open'pollina ted s tra in s 702 23 4 45.62±1.45 • 25.15±1.23 
Crosses 765 255 33.05± .9 3 lS.07± .S3 
Relative numbers ( O.P ) 100 100 
for given preci s ion cross 52.5 51.6 
VARIABILITY OF DIFFERENT SIZED PLOTS 
In studying the variability of plots of different size, single • 
rows of different length were used, the size being determined by 
the number of hills in the row. The coefficients of variation for 
8, 16, 24 and 48-hill plots in experiments K-23, 1-25 and M-25 . 
with the rows extending east and west, north and south, and 
with the rows in both directions treated as a unit are shown in 
table V. Theoretical coefficients of variation for groups of ran-
dom hills, obtained by dividing that observed for single ,hills by 
the square root of the number of hills in a plot, also are shown. 
Agreement between the coefficients obtained for plots of 
different sizes and those for the same sized groups of random 
hills is about what would be expected. The hill yields within 
the plots are correlated because of contiguity, the extent of the 
correlation depending upon the nature of the soil heterogeneity 
in the particular field. The theoretical coefficients for random 
hills, on the other hand, involve no correlation. The coefficients 
of intraclass correlation (Harris 3, 4) among the hills within 
plots in the different experiments are shown in table VI. Those 
for experiment K-23 are small and explain the better agreement 
for the plots and groups in this experiment. 
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TABLE V. COEFFICIENTS OF VARIATION AMONG PLOTS OF DIFFERENT 
SIZE IN EXPERIMENTS K23, 1·25 AND M-25 
Coefficients of variation among plots of 
Experiment 8 hill s 16 hill s 24 hills I 48 hills 
K -23-E 10.9±0.46' 8.8+0.52' 7.2±0.52' 5.6±0.58 ' 
K-2 3-N 10 .8± .46 9.0± .53 8 .1+ .58 4.7± .47 
K-23 10.9± .33 8.9± .37 7.7± .39 5.2± .37 
Theoretical 9.1± .27 6.4± .27 5.2± .27 3.7± .27 
for random hills 
I-25-E 16.3±0.70 14.6±0.87 12.9±0.95 7.3±0.74 
I-25-N 17.0+ .73 ' 15.7± .95 14.5±1.07 12.6±1.30 
1-25 16.7± .50 15.1± .64 13.6+ .71 10.2+ .74 
Theoreti ca l 9.4± .39 6.7± .40 5.5± .40 3.9± .40 
for random hill s 
M -25-E 16.2±0.70 12.4±0.74 11.4±0.83 8.1±0.83 
M -25-N 17.2+ .74 14.9+ .90 12 .5 ± .92 10.1±1.04 
M-25 16.7± .50 13.7± .58 12.0+ .62 9.2± .66 
Theoreti cal 10.0± .42 7.1± .42 5.8± .42 4.1± .42 
for random hills 
No. of (E or N ' 288 144 96 48 
plots (E + N' 576 288 192 96 
'Standard errors of C. V. 
There is a general tendency for the intra class correlations to 
decrease as the size of plot is increased and consequently the 
variability within the plot, This fact accounts for the slightly 
narrower spread between the plots and the random-hill groups 
in the larger sizes. Relatively, however, the spread between the 
plots and groups of random hills is wider for the larger numbers 
of hills. With a given number of hills available for each item in 
the comparison, therefore, greater precision will be attained by 
using the smallest practicable plot. 
TABLE VI. COEFFICIENTS OF INTRACLASS CORRELATION AMONG THE 
HILLS CONSTITUTING A PLOT FOR PLOTS OF DIFFERENT SIZE IN EX-
PERIMENTS K-23, 1-25 AND M-25 
Coefficients of intraclass correlation for plots of 
Experiment 8 hill s 16 hills 24 hills 48 hill s 
K-23-E 0.12+0.021' 0.11±0.02P 0.09±0.021' 0.08±0.021' 
K-23-N 0.12± .021 0.12+ .021 0.11± .021 0.06+ .021 
K-23 0.12± .015 0.12± .015 0.10± .015 0.Q7± .015 
I-25-E 0.40+0.018 0.39±0.018 0.33±0.019 0.18±0.020 
I-25-N 0.49+ .016 0.43± .017 0.39+ .018 0.33± .019 
1-25 0.44± .012 0.41± .012 0.36± .013 0.26± .014 
M-25-E 0.36±0.018 0.26±0.019 0.25+0.020 0.18±0.020 
M-25-N 0.41± .0 17 0.35± .018 0.28+ .019 0.23+ .020 
M-25 0.39± .013 0.31± .0 1 3 0.26± .014 0.20± .014 
lStandard error s. 
V.ARI.ABILITY OF DIFFERENT SH.APEDPLOTS 
Investigators generally have presented data showing long 
narrow plots to be more effective in reducing variation than plots 
more nearly square. Competition between varieties differing in 
one way or another which results in advantage to one variety 
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makes the shape of plot important. Assuming that a single hill 
is completely exposed to competition on four sides, then the hills 
of a 16-hill plot are exposed in a single row on 34 of the possible 
64 sides; in a two-row plot on 20 and in a four-row plot on 16 
sides. The relative exposure for these three shapes, then, is 
100.0, 58.8 and 47.1, respectively. 
The effects of competition, of course, may be avoided by using 
bordered plots. This, however, increases the area required 
for a replication so much that bOLder rows are undesirable unless 
essential. How important a factor is competition? 
Some evidence has been obtained from experiments Y-24 and 
Y-25, regarding the effect of competition where strains similar 
in growth habit and maturity were planted adjacently . . Experi-
ment Y-24 consisted of 38 strains grown in three-row plots 25 
hills long, systematically replicated 10 times so that each strain 
was adjacent to the same two strains in each replication, except 
for those at the ends of the replications. Experiment Y-25 con-
sisted of 54 strains grown similarly. All were adapted to and 
most of them grown regularly in the latitude of central Iowa. 
The mean differences between the interior row and each of 
the two border rows in percentages of the yield of the interior 
rows are given in table VII together with the odds that such 
differences are significant (5) . 
If odds of 30 to 1 are accepted as indicating significance, then 
in experiment Y-24 both border rows of no entry yielded signi-
ficantly more or less than the interior row. One border row 
yielded significantly more than the interior row of three entries, 
74, 89, and 93. The border rows of entries 75, 90 and 94 adja-
cent to these did not yield significantly nor consistently more nor 
less than their respective interior rows. 
In experiment Y-25, each border row of entry 802 yielded sig-
nificantly more than the interior row, and each adjacent border 
row yielded less than its interior row, but only one of them sig-
nificantly less. One border row of each of entries 806 and 809 
yielded significantly more than its respective interior row, but 
each was adjacent to a border row also yielding more than its 
interior row. One border row of each of entries 810, 818, 822, 
828, 834 and 845 yielded significantly more than the respective 
interior row, accompanied by a lower yield for the adjacent 
borders, but the difference was significant only for borders adja-
cent to 810 and 822. The yield of one border row of 832 and 836 
was significantly less than the interior row, with no apparent 
effect on the yield of adjacent rows. 
These results indicate that competition was relatively unim-
portant in these experiments. Although the number of signi-
ficant differences was much larger in experiment Y-25, only one 
entry, 802, yielded significantly more in both borders than in the 
interior row, accompanied by a decrease in both adjacent bor-
ders. Such an entry might have gained by competition even 
TABLE VII. MEAN DIFFERENCES BETWEEN THE YIELD OF THE INTERIOR ROW AND THAT OF EACH OF THE BORDER 
ROWS 1 AND 3 OF THREE-ROW PI,OTS, AS PERCENTAGES OF THE YIELD OF THE INTERIOR ROW, AND THE ODDS AGAINST 
SUCH DIFFERENCES RESULTING FROM CHANCE IN EXPERIMENTS Y-24 AND Y-25, a + INDICATING A HIGHER YIELD FOR 
THE INTERIOR ROW 
Row 1 Row 3 
I Entry 
Row 1 Row 3 I Row 1 I Row 3 r- ' 
Entry Mean 
I 
Odds l\lean Odds Mean Odds Mean Odds Entry l\fean Odds I Mean 
I 
Odds 
no. dif. X:1 dif. X:1 no. dif. X:1 dif. X:1 no. di!. X:1 dif. X:1 
r-------------
1924 data X X X X X X 
65 +2.4 2.55 +1.0 2.00 97 -3.8 2.98 r· 4 18.0 823 -4.9 61.1 - 1.7 2.55 66 -0.5 1.59 +0.2 1.00 98 -4.2 7.24 3.3 4.62 824 +0.5 1.59 -0.1 Loot 67 -1.1 2.00 +0.6 1.59 99 +1.1 2 .00 2.0 4.11 825 -0.8 1.59 -0.1 1.00 
68 -5.6 10.9 -0.9 2.55 100 +3 .6 5.13 -0.3 1.00+ 826 -1.0 2 .00 t 2 .9 6.67 69 +4.0 8.34 +5.0 8.34 I 101 -4.0 5.13 +4.7 18.0 827 +1.4 2.00 6.5 22.5 
70 t1.6 3.19 t 3 .5 29.8 
I 102 -2.3 3.19 +6.6 29.8 828 -3.2 66.7 +7.4 216. 
71 0.1 1.00 3.7 8.34 i 829 -4.8 8.34 -1.2 1.59 
72 -2.6 2.55 -1.5 2.00 1 925 data 830 +0 .7 1.59 +2.7 1"0.9 
73 -3.3 5.13 
t 01 
1.00+ I 831 -1.3 2.00 t1.5 3.19 74 +0.7 1.55 4 .9 44.5 ' 832 - 6.6 49.3 1.8 2.55 
75 -0.8 1.59 
t
28 4.11 801 -1.7 3.19 -4.4 81.0 833 -2.7 4.11 -1.3 3.19 76 -1.9 2.00 0.1 1.00+ 802 +5.5 37.2 +11.7 1999. 834 t 9 .1 666. +1.1 2 .00 77 -1.6 3.19 -1.2 2.55 803 -1.4 2.00 -3.3 10.9 , 835 3.4 5.13 -0.1 1.00+ 
78 +2.0 4 .11 -1.0 1.59 804 -0.6 1.00 t 3.3 3.19 
, 
836 -4.7 37.2 -0.8 1.59 
79 +1.6 2.00 -0.3 1.00 805 -2.0 3 .19 3.2 22.5 837 -1.1 1.59 +2.1 2.55 
I 
80 fO 2.00 -5.0 22.5 806 -2.4 6.67 r· 6 344. 838 +0.5 1.00 +2.6 667 81 1.4 3.75 +5.7 11.4 807 +6.3 29.8 4.1 10.9 839 -2.0 3.19 +3.5 8.34 82 3.2 13.6 -0.3 1.00 808 -0.4 1.59 1.6 4.11 840 -1. 3 2.55 +1.5 2.00 83 +1.3 1.59 +4.4 6.67 809 +7.7 132. 5.8 8.34 841 -2.1 3.19 - 2.1 3.19 
84 -3.7 1 3.6 -2.4 4.11 810 +5.8 22 .5 +7.7 40.3 842 +0.1 1.00 +1.5 2.55 
85 -5.5 13.6 -1. 3 2 .55 811 -4.9 100. +2.3 5.13 843 t1.2 2.55 +4.3 29.8 86 +0.2 1.00+ +4.6 10.9 812 +4.1 10.9 +3.0 5.13 844 0.9 1.59 
f1 
1.00-\-
87 -2.5 5.13 +4.6 6.67 813 -0.6 1.59 -0.1 1.00+ 845 +3.6 6.67 9.2 908. 
88 +4.7 18.0 
t
30 6.67 814 -3.9 6 .67 +0.7 1.59 I 846 - 3.3 8.34 1.7 4.11 89 -2.2 2.55 4.9 132. 815 -0.1 1.00+ +3.7 18.0 847 +1.8 2.55 +3.3 22.5 
90 +0.3 Loot -0.5 1.00+ 816 -1.1 2.00 +2.8 5.13 848 +0.5 1.59 r~ 3.19 91 t o .4 1.00 -5.4 10.9 I 817 -4.7 8.34 +1.1 1.59 849 r·4 5.13 4 .11 92 4.2 8.34 r· 1 4 .11 818 -0.4 1.00+ t 6.4 37.2 I 850 0.7 1.00+ 7.4 29.8 93 +3.0 3.19 9.6 1110. 819 -2.1 6.67 0.1 • 1.00+ 851 1.2 3.19 1.4 1.59 94 -3.3 6.67 3.8 13.6 820 +3.7 2.97 +4.7 22.5 852 -1.1 2.00 4.4 10.9 
95 -6.7 18.0 +5.2 8.34 821 t o .2 1.00+ -0.8 1.59 853 -0.2 1.00+ +3.4 22.5 96 -1.6 2.00 -0.5 1.00+ 822 5.6 8.34 +11.1 4999. 
I 
854 -4.4 22 .5 -0.2 1.00+ 





under a random system of distribution. The differences between 
border and interior rows in general, however, seem to indicate 
that a different order of planting in each replication would 
largely eliminate the effects of competition and in any case 
would be a desirable precaution. 
Data on the effect of competition due to inequalities in stand 
are presented from six test fields of the Iowa Corn Yield Test. 
Records on stand (number of plants) and yield (field weight 
in pounds) were obtained from each row of four-row plots in 
the fields located at Algona, Ackley, Ames and Indianola in 1923 
and of three-row plots in the fields located at Ames in 1924 and 
1925. Coefficients of correlation between stand and yield, com-
puted for each border row and each interior row separately, are 
shown in table VIII. 
TABLE VIII. COEFFICIENTS OF CORRELATION BETWEEN STAND AND 
YIELD FOR EACH ROW OF 3 OR 4·ROW PLOTS IN THE IOWA CORN YIELD 
TEST FOR THE FIELDS AND YEARS STATED. 
No. of Coeffici ents of correlation1 
Field pairs Row 1 Row 2 Row 3 Row 4 
1923 
Algona ------.----------_.- 21 0.51 0 .36 0.37 0.54 
Ackley .------------------- 27 .52 .39 .25 .49 
Ames 
----------------------
21 .77 .59 .5 8 .67 
Indianola -_-----0------ 30 .59 .40 .18 .63 
1924 
Ames .------- .- .. ----._ .. _- 38 .52 .44 .50 
1925 
Ames ._---_._._--._ ... _---- 54 .12 .10 .10 
'p equals .05 or less for coefficients in h eavier type. Fisher (2, Table V (A) 
P . 176). 
In each field the correlation was higher for the border than for 
the interior rows, although not more than one difference is statis-
tically significant. With such consistency, however, the results 
indicate some influence acting on border rows and not on interior 
rows. 
Obviously, this is an effect of competition between unequal 
stands and one that border rows would eliminate. The effect of 
stand within the plots would remain, however, and it would 
seem more desirable to eliminate this effect entirely by obtain-
ing equal stands when possible than merely to eliminate its 
effect in competition. Some objections may be offered to plant-
ing thickly and thinning to a uniform stand. I t nevertheless 
seems to be the most desiraole practice if fair yield comparisons 
are to be had, unless differences due to stand are a part of the 
problem. 
The coefficients of variation among 48, 24 and 16-hill plots 
of different shapes, from single-row to square or nearly square 
plots are shown in table IX for experiments K-23, 1-25 and M-25. 
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TABLE IX. COEFFICIENTS OF VARIATION AMONG THE YIELDS OF PLOTS 
OF DIFFERENT SHAPE IN EXPERIMENTS K·23, 1·25 AND M·25 
Shape No. Coefficients of variation in experiment 
of plot of plots K·n 1·25 M·25 Average 
1x48 96 5.2±0.37' 10.2±0.74' 9.2±0.66' 8.5 
2x24 96 6.4± .46 13.0± .95 1l.3± .83 10.6 
4x12 96 6.8± .49 14.6±1.08 13.8±1.01 12.3 
6x8 96 7.1± .51 14.9±1.10 14.3±1.05 12.6 
1x24 192 7.7±0.39 13 .6±0.71 12.0±0.62 11.4 
2x12 192 7.7± .39 15.0+ .78 14.4+ .75 12 .8 
4x6 192 7.8± .40 15.6± .82 15.3± .80 13.4 
1x16 288 8.9±0.37 15 .1+0.64 13 .7±0.58 12.8 
2x8 288 8.8± .3 7 15.6+ .67 15.4+ .66 1 3.6 
4x4 144 8.6± .51 16.2± .98 15.7± .95 13.9 
lStandard errors. 
IIi expflriment K-23 the variability of 48-hill plots increased 
consistently as the plots were made more nearly square, the 
shape studied being 1 X 48, 2 x 24, 4 x 12 and 6 X 8. The 24-hill 
plots were almost equally variable for 1 x 24, 2 x 12 and 4 x 6 
hills. The variability of 16-hill plots decreased slightly for 2 x 8, 
and further for 4 x 4, as compared with 1 x 16 hills. In 1-25 
and M-25 the variability increased consistently as the plots were 
made more nearly square, the greatest increase being in the 
change from a single row to two rows half as long. The maxi-
mum distance between any two hills of a square plot is much 
less than that in a single-row plot of the same size. 'fhe plot with 
the smallest extreme dimension would be likely to have the least 
variation in soil, and the highest intraclass correlation among the 
hills constituting a plot. 
The coefficients of intraclass correlation among the hills con-
stituting each size and shape studied are shown in table X for 
each experiment, the plots in both directions being considered 
together. These correlations check very closely with the coeffi-
TABLE x . COEFFICIENTS OF INTRACLASS CORRELATION AMONG THE 
HILLS OF PLOTS OF DIFFERENT SIZE AND SHAPE IN EXPERIMENTS 
K·23 , 1·25 AND M·25 
Shape No. of / ___ coefficient of correlation in experiment 
of plot plots K-23 1·25 M·25 
1x48 hill s 96 0.07+0.015' 0.26+0.014' 0.20±0.014' 
2x24 96 .09± .01 5 .35± .013 .26± .014 
4x12 " 96 .10± .015 .41± .012 .34+ .013 
6x8 " 96 .11± .015 .42± .012 .36± .013 
1x24 " 192 0.10±0.015 0. 36+0.013 0.26+0.014 
2x12 " 192 .10± .015 .42+ .012 .35± .01 3 
4x 6 " 192 .10± .015 .45± .012 .38± .013 
1x16 " 28 8 0.12±0.015 0.41+0.012 0 .31±0.013 
2x8 " 288 .11± .015 .43 + .012 .37+ .013 
4x4 " 144 .11± .015 .45± .012 .39± .013 
lStandard errors . 
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cients of variation shown in table IX. The correlation and the 
variation among plots were much higher in experiments 1-25 
and M-25 than in K-23. The difference between sliapes was 
less the smaller the plot. Thus, in experiment K-23, the correla-
tion among the hills of 48-hill plots increased regularly as the 
shape became more nearly square, but among the hills of 24 
and 16-hill plots the correlation was almost the same regardless 
of shape. Similarly in experiments 1-25 and M-25 the correla-
tion increased regularly with a change from the single row to 
more nearly square plots, but the increase was less with the 
smaller plots. It is this greater correlated variation within the 
more nearly square plots that makes the yields of such plots 
mOre variable. 
These results indicate, therefore, that shape is less important 
as the size of plot is reduced and that with plots as small as 
16 hills, either single, two or four-row plots may be expected to 
give rather similar results. 
REPLICATION 
It has been shown that increased variability in plot yields 
accompanied reduced plot size and a change in shape from long, 
narrow to more nearly square. The increase in variability, how-
ever, was not as great proportionately as the decrease in size. 
The influence of size and shape of plot is now considered when 
8, 16 and 24-hill single-row plots are replicated to the same total 
number of hills for each dummy "variety." 
It is unnecessary to compare differently shaped plots by 
replication. Obviously the same blocks may be laid out in plots 
of different shape. The variance between blocks, therefore, 
would be the same regardless of plot shape. Hence, the relative 
efficiency of differently shaped plots may be judged from a com-
parison of the gross variance among plots of each kind. 
SYSTEMA TIC DISTRIBUTION 
The effect of replication on experimental error was studied 
first by systematic distribution of dummy "varieties" in plots 
of 8, 16, 24 and 48 hills. Each plot size was replicated to obtain a 
total of 48, 96, 144 and 192 hills for each "variety." Thus each 
of 48 "varieties" was assigned to six 8-hill plots, three 16-hill 
plots, two 24-hill plots, and one 48-hill plot. Similarly, 32 
, 'varieties" and 24 "varieties" were assigned to one and one-
half and two times as many plots of these sizes. The general 
manner of systematic distribution is shown in fig. 3 for 16 
"varieties" distributed in nine 16-hill plots. 
The coefficients of variation among the total yields of the 
"varieties" are shown in table XI. The theoretical coefficients 
among the yields of the same sized groups of random hills are 
shown for comparison. With as few as 48 or 96 hills devoted 
to each "variety," the variation among "varieties" was less, 
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TABLE XI. OBSERVED COEFFICIENTS OF VARIATION AMONG THE 
YIELDS OF "VARIETIES" WITH 48, 96, 144 AND 192 HILLS OF EACH IN 
SYSTEMATICALLY DISTRIBUTED PLOTS OF VARIOUS SIZES IN EXPERI-
MENTS K-23, 1-25 AND M-25 AND THE THEORETICAL COEFFICIENTS 
AMONG THE SAME SIZED GROUPS OF RANDOM HILLS 
-
I 
Observed coefficient of variation for 
No. of Theo_ number of hill s indicated in plots of 
hills C. V. 8 hills 16 hills I 24 hills I 48 hills 
Experiment 
K-23 
48 3.71 4.0±0.29' 4.9+0.35' 5.2±0.37' 5.2±0.37' 
96 2.62 2.3± .23 2.6± .27 2.9± .29 3.3± .34 
144 2.14 1.9± .24 2.1± .27 2.2+ .28 2.0± .25 
192 1.85 1.8± .26 2 .0± .29 2.0± .29 1.9± .28 
Experiment 
1-25 
48 3.85 3.1±0.23 3.7±0.27 6.8±0.49 10.3±0.74 
96 2.73 2.2± .23 2.4± .24 2.4+ .25 4.6± .47 
144 2.23 2.0+ .25 1.8± .23 1.7± .21 2.5± .31 
192 1.93 1.7± .24 1.1± .16 1.9± .28 1.9± .27 
Experiment 
M -25 
48 4.07 5.6±0.40 6.6+0.48 8.7±0.62 9.2±0.66 
96 2.88 3.5± .36 3.0± .30 3 .8± .38 5.6± .5 '7 
144 2.35 2.5± .31 3.1± .38 3.1± .39 2 .1 + .26 
192 2.04 1.7± .25 1.7± .24 2.1± .30 2.4± .35 
lStandard errors . 
the smaller the plot size, with one exception. 'When 144 or 
more hills were devoted to each" variety," the variation among 
, 'varieties" was very much the same regardless of plot size_ 
Increasing the total number of hills of each" variety," however, 
necessarily decreases the number of "varieties" if the total 
area is fixed. The area required for anyone complete replica-
tion of any given plot size, therefore, would be smaller. The 
variation within this smaller area probably would be less; and 
it is this variability only that is important. 
Series 
1 2 I 3 
OJ 1 1 2 3 - - - -14 15 16 1 2 3 - - - - 14 15 16
1
1 2 3----14 15 16 b/) § 
2 7 8 - - - -15 16 1 - - -6 7 8 - - - - 15 16 1 - - - 6 I 7 8 - - - - 15 16 1--6 p:; 
3 13 14 15 16 1 -- - 12 13 14 15 16 1 - - - 12 113 14 15 16 1 - - 12 
Fig. 3. General manner of di stributing 16 varieties systematically in nine 16·hill 
plots. 
RANDOM DISTRIBUTION 
Justification for the use of statistical constants in interpret-
ing variations in the yields of varieties grown in replicated plots 
requires that the varieties be distributed at random_ The pro-
ductivity of the soil, however, usually changes more or less 
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gradually from point to point about the field even when the soil 
is all of the same type. It is ~sirable, therefore, to divide the 
field into blocks of equal size, each containing one plot of each 
variety, so that the variation within blocks is less than the varia-
tion of the entire field. This may be done legitimately if the 
varieties are distributed at random within the blocks. 'l'he 
variance in an experiment then may be analyzed into two por-
tions assignable to fertility variation and to experimental error. 
This procedure has been described by Fisher (2) as an example 
of the analysis of variance. The effect of any restrictions to a 
completely random distribution on the justifiable application of 
statistics is compensated by the loss of degrees of freedom in 
computing the statistics. 
ANALYSIS.oF VARIANCE 
The Latin square arrangement was recommended by Fisher 
(2) as permitting the measurement and elimination of the great-
est amount of variance due to correlation among the plots with-
in a block comprising one plot of each variety. This arrange-
ment provides for as many replications as there are varieties, 
with each variety occurring once in each row of plots and once 
in each column extending at right angles to the first. 
If the soil productivity changes primarily in a direction across 
columns, the variance between rows will be small and little will 
be gained by eliminating it. Likewise, if the productivity 
changes across rows, little variance will be eliminated between 
columns. In fact, th~ standard deviation may be increased 
through the loss of degrees of freedom without eliminating a 
proportional amount of variance. If, on the other hand, the 
productivity changes diagonally to the square, then the standard 
deviation may be significantly reduced by eliminating variance 
between both rows and columns. 
It is possible to utilize the same principle as that involved in 
the Latin square even when the number of items to be compared 
is greater than the number of replications. The writer devised 
the following modified block method for such experiments. 
Given m varieties with n plots of each, the m n plots can be 
arranged so that each variety will occur once in a row of m plots 
and once in a block n plots long by min plots wide. The vari-
ance due to the rows and blocks then can be analyzed out just 
as in the Latin square method. Such an arrangement for 20 
varieties replicated 10 times is shown in fig. 4. 
The method was used with various arrangements of the data 
from experiments K-23, 1-25 and M-25. In each experiment the 
yields for the rows extending E-W and N-S were combined so as 
to obtain in effect one experimental field of 48 x 96 hills instead 
Ot two fields each 48 x 48 hills. As the rows (with a few exceu-
tions) and blocks broke at the contact between the two sets of 48 
rows, this should introduce little or no error. 
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Blocks 
16 3 20 6 914 10 18 15 12 4 17 8 5 7 1 111 2 119 13 
13 7 17 2 16 3 611 20 9 19 10 12 18 4 14 5 8 115 1 
11 5 10 8 12 4 17 2 16 7 14 6 20 15 19 13 118 1 1 9 3 
14 9 18 15 113 7 1 19 5 8 11 
2 16 3 10 17 20 6 1 4 12 
00 6 4 19 31 11 20 15 12 10 17 18 1 9 7 5 2 1 16 13 114 8 ;: 
0 1 15 16 5 1 2 8 7 4 11 3 13 9 19 6 20 18 12 14 10 17 ~ 
17 2 7 131 1 19 5 16 6 14 15 12 4 10 811 9 3 18 20 
20 18 14 9 115 6 13 3 2 19 5 8 17 1 16 12 110 4 7 11 
19 12 4 11 110 5 9 8 1 18 20 3 14 13 15 6~ ~ 
8 10 112 1 117 18 120 14 1 4 13 16 7 11 2 3 9 119 15 5 6 
Fig. 4. Di stribution of 20 varieties with 10 plots of each variety in a modified 
block so that each variety occurs once ill each row of plots and once in each 
b lock two plots wide. 
Distributing dummy" varieties" at random with the restric-
tions as to rows and blocks noted, the relative efficiency of single-
row plots 8, 16 and 24 hills long was compared when the area 
was assigned to 48 "varieties" with 96 hills of each, 32 "vari-
eties" with 144 hills of each, and 24 "varieties" with 192 hills 
of each. One-third of the rows of plots in the experiment with 
32 "varieties" crossed the point of contact of the two sets of 48 
rows noted above, but it is not believed that the error introduced 
thereby is important compared with the advantage of the larger 
numbers obtained by combining the rows extending in two di-
rections. Under each distribution the total variance was ana-
lyzed into that between rows and blocks and that within groups. 
'l'he variance within groups was further analyzed into that be-
tween "varieties" and that within "varieties." The latter is 
residual, due to experimental error. The variances arising from 
these different sources are shown in table XII. 
Application of the z-test for significance as described by 
Fisher (2) indicates that the variance between groups is signi-
ficantly greater than that within groups in every comparison, 
the value of z varying from nearly three to more than seven 
times its standard error. 
The proportion of the total variance elimina·ted by grouping 
(table XIII) varies from 11 to '60 percent. In experiments K-23 
and 1-25 the highest percentage was eliminated consistently with 
the 16-hill plots. In experiment M-25, however, a consistently 
higher proportion was eliminated by decreases in the size of the 
plot. 
In experiment K-23 the proportion of variance eliminated in-
creased consistently with increase in replication to a total of 
TABLE XII. ANALYSIS OF VARIANOE INTO ITS OOMPONENT PARTS WITH DUMMY "VARIETIES" REPLIOATED IN 8, 16, 
AND 24·HILL PLOTS . 
-------
No. of varieties, 8·hill plots 16·hill plots 24·hill plots 
No. of hills, and Variance in expt. 
D. ~,.I Varia nee in ex}!t. Variance in expt . source of variance D.F. K·23 1·25 M·25 K·23 1·25 M·25 D.F. K·23 1·25 I M·25 
48 "variet ies, I .• 
96 hills of each 
Total 575 1.69 2 .86 2.40 287 4.57 9.50 6.49 191 7.61 17.44 11.15 
Between groups 22 7 .46 24.88 22.57 10 27.02 97.88 60.16 6 34.94 180.78 92.28 
Within groups 553 1.46 1.99 1.60 277 3.76 6.31 4.55 185 6.73 12.14 8.52 
Between "varieties" 47 1.18 1. 32 1.58 47 4.93 7.43 6.85 47 7.97 22.80 9 .66 
Within "varieties" 506 1.49 2.05 1.60 230 3.52 6.08 4.08 138 6.31 8.51 8. 13 
32 "varieties," 
144 h ill s of each 
Total 575 1.69 2.86 2.40 287 4.57 9.50 6.49 191 7.61 17.44 11.15 
Between groups 34 6.38 27.55 1 5.82 16 22.04 100.00 40.29 10 36.81 206.94 57.00 
Wi thi n groups 541 1.40 1.31 1.56 271 3.54 3.80 4 .49 181 6.00 6.97 8.62 
Between "var ieties" 31 1.43 .78 1.19 31 2.80 5.01 4. 38 31 3.80 5.93 8.89 
vVithin "varieties" 510 1.39 1.34 1.58 240 3.63 3 .64 4.51 150 6.46 7.18 8 .56 
24 "varieties," 
192 hi lls of each 
Total 575 1.69 2 .86 2.40 287 4.57 9.50 6.49 191 7.61 17.44 11.15 
B etween groups 46 6.79 20.81 12.30 22 22.54 78.90 29.94 14 36.38 139.78 41.69 
Within groups 529 1.2 5 1.30 1.54 265 3.08 3.74 4.54 177 5.34 7.76 8.73 
Between "varieties" 23 1.45 .89 1.02 23 1.48 5.16 6.02 23 5.28 2.50 9.25 







192 hills. In experiment 1-25 the maximum reduction practi-
cally was reached with a total of 144 hills, the proportion with 
this number being nearly twice as much as with 96 hills. rfhe 
number of replications had little effect on the variance between 
groups in experiment M-25. These facts indicate that the simi-
larity or correlation among' the plots in a group was not in-
creased very greatly by reducing the number of plots from 32 
to 24. 
TABLE XIII. PERCENTAGE OF VARIANCE ELIMINATED BY GROUPING 
WITH DUMMY "VARIETIES" REPLICATED TO TOTALS OF 96, 144 AND 192 
HILLS IN PLOTS OF DIFFERENT SIZE 
No. of Total no. 
I 
Size Percenta.ge of variance · 
"varieties" of hills of plot K·23 I 1·25 I M·25 
48 96 8 13.6 30.6 33.4 
16 17.7 33 .6 29.9 
" " 24 11.6 30.4 23.6 
32 144 8 17.4 54.2 35.1 
16 22.6 60.0 30.8 
" " 24 21.2 60.0 22.7 
24 192 8 26.2 54.5 35.9 
16 32.7 60.7 30.0 
" " 24 29.9 55.5 21.7 
vVith a constant variability within replications, an increase 
in the number of replications would result in a decrease in the 
estimated variance. The reason for this is that the sum of the 
squared deviations would increase in direct proportion to the 
number of replications, whereas the number of degrees of free-
dom available for estimating the variance would increase more 
rapidly. Thus, with three replications there would be twice 
as many degrees of freedom for estimating variance as with two 
replications. The decrease in variance from this cause becomes 
relatively unimportant, however, with more than eight or ten 
replications. 
In the experiments reported here, an increase in number of 
replications was accompanied by a corresponding decrease in 
the number of "varieties" so that the net degrees of freedom 
were nearly the same for all numbers of replications. As the 
number of "varieties" was decreased, the number of plots in a 
replication became smaller, and usually more correlated varia-
tion was eliminated. 
The variance between" varieties" and that within" varieties" 
in this study are merely different estimates of the variance in 
the popUlation of plots sampled, because of the fact that the 
, 'varieties" actually were the same kind of corn. Differences 
between the estimates, therefore, arise from the errors of random 
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sampling and occur in all the tests. The z value of the ratio of 
the larger to the smaller variance, however, is more than twice 
its standard error in only two tests; namely, 0.49 ± 0.12 in ex-
periment 1-25 with four 24-hill plots and 0.26 ± 0.11 in experi-
ment M-25 with six 16-hill plots. Both tests have r elatively 
few replications. With inadeq-qate replication the variance be-
tween "varieties" would be expected to exceed the variance with-
in "varieties" more often and to a greater degree than with 
adequate replication. On the average these differences become 
smaller as the plots become smaller, which is to be expected. 
Although the variance of the experiment is greater in rela-
tion to size of plot-the smaller the plot-there are more of the 
smaller _plots on a given area. Comparison was made, therefore, 
between the observed and theoretical variance of a mean with 
different plot sizes and numbers of replications (table XIV ). 
The observed variance was obtained by dividing the variance 
within" varieties" by the number of plots of each. The vari-
TABLE XIV. OBSERVED AND THEORETICAL ESTIMATED VARIANCE IN 
THE MEANS OF 48, 32 AND 24·DUMMY "VARIETIES" REPLICATED TO 
TOTALS OF 96, 144 AND 192 HILLS. RESPECTIVELY, IN PLOTS OF DIF· 
FERENT SIZE 
V ari ance in experiments 
No. of varieties, 
No. of hill s of K·23 1;25 M·25 
each and size 
I I of plot Ob s. Theor. Obs. Theor . Obs . Theor. 
48 "varieties," 
96 hill. each 
8 1.12 1.10 1.54 1.49 1.20 1.20 
16 1. 32 1.41 2.28 2 .3 7 1. 53 1.71 
24 1. 58 1. 68 2.13 3.03 2.03 2.13 
32 "varieti es, " 
144 hill s each 
8 .70 .70 .67 .66 .79 .78 
16 .91 .88 .91 .95 1.1 3 1.12 
24 1.08 1.00 1.20 1.16 1.43 1.44 
24 "varieties," 
192 hill s each 
8 .46 .47 .50 .49 .59 .58 
16 .61 .58 .6 8 .70 .82 .85 
24 .67 .67 1.07 .9 7 1.08 1.09 
.ance within groups is the variance in the population of plots 
which must be sampled at random by the "varieties." This 
variance divided by the number of plots in each "variety" is 
the theoretical variance of a mean. All variances then were 
computed to the basis of a uniform area of 24 hills. 
The observed value is smaller than the theoretical whenever 
the variance between "varieties" is greater than that within 
"varieties. " The agreement between the observed and theoretical 
values is very good, except perhaps in two comparisons, that in 
experiment 1-25 with four 24-hill plots and that in expedment 
M-25 with six 16-hill plots. These are the tests in which the 
variance between" varieties" was much larger than that within 
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"varieties. " As an average of the three experiments the differ-
ence between the observed and theoretical values increased with 
the size of plot and consequent decrease in number of replica-
tions. 
'l'he ratio of the standard error of a mean for a given plot 
size to that of a mean for a larger size (table XV) indicates the 
relative efficiency of the different sized plots in the precision of 
yield comparisons. As an average, the standard error of the 
mean of 8-hill plots was 13 to 14 percent less than that of the 
mean of 16-hill plots and 18 to 26 percent less than that of the 
mean of 24-hill plots. The standard error of the mean of 16-
hill plots was 6 to 13 percent less than that of the mean of 24-
hill plots. A greater degree of precision was attained consis-
tently with the smaller plot except for six 16-hill plots compared 
with four 24-hill plots in experiment 1-25. 
TABLE xv. RATIO OF THE STANDARD ERROR OF A MEAN OF SMALL 
PLOTS TO THAT OF A MEAN OF LARGER PLOTS 
Plot s iz es, No. of !Tota l no. Ratios in experiment 
hill s "varieties" of hill s K-2 3 1-25 M-2 5 I Av. 
8/16 4 8 96 0.92 0.82 0.89 0.87 
8/24 .84 .85 .77 .82 
16/ 24 .. .. .91 1.04 .87 .9 4 
8/16 32 144 .88 .86 .84 .86 
8/24 .80 .75 .74 .76 
16/ 24 .. .. .92 .87 .89 .89 
8 / 16 24 192 .88 .86 .84 .86 
8/24 .83 .68 .74 .74 
16/24 .. .. .95 .80 .8 7 .8 7 
The tendency toward the greater efficiency of the smaller 
plot, as measured by the standard error, is clearly shown. It 
seems probable that the standard error would be greater for 
plots larger than 24 hills. Where the nature of the variation in 
an experimental field is rather definitely known, the plots may 
be so arranged that smaller plots will not have the advantage 
indicated above. Such knowledge, however, frequently is not 
possessed by the investigator. 
Reduction in the standard error of a mean resulting from in-
creasing the number of replications (table XVI ) ranged from 
14 to 37 percent when the number of replications was increased 
from 12, 6 and 4 to 18, 9 and 6, and the total number of hills of 
each "variety" was increased from 96 to 144. A further reduc-
tion of 6 to 21 percent resulted from increasing the number of 
replications from 18, 9 and 6 to 24, 12 and 8 and the total num-
ber of hills from 144 to 192. As an average for the three experi-
ments, the reductions usually were less when the plots were 
larger, although the difference for 8 and 16-hill plots was not 
great. The reductions were in good agreement with expecta-
tions, which are from 1 to 1/ y'3/ 2' for an increase from 96 to 
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TABLE XVI. PERCENTAGE REDUCTION IN THE STANDARD ERROR OF A 
MEAN WITH AN INCREASE IN THE NUMBER OF REPLICATIONS OF DIF-
FERENT SIZED PLOTS 
Size No. of 
I 
Total n~. Percent r eduction in experiment 
of plot replications of hills K-23 I-25 M-25 I Av. 
8 12 to 18 96 to 144 21 34 19 25 
16 6 to 9 17 37 14 24 
24 4 to 6 " 17 25 16 20 
8 18 to 24 144 to 192 18 14 14 15 
16 9 to 12 18 14 14 15 
24 6 to 8 " 21 6 13 13 
8 12 to 24 96 to 192 35 43 30 37 
16 6 to 12 32 46 27 36 
24 4 to 8 " 35 29 27 30 
144 hills, to 1/V4/ 3 for an increase from 144 to 192 hills and to 
J/V2 for an increase from 96 to 192. 
These results justify the use under these conditions of at 
least 144 hills of each variety, distributed in the smallest prac-
ticable plot_ 
A test of the goodness-of-fit of the standard error of a mean 
difference was made by determining the percentage of signifi-
cant differences among the means of 48, 32 and 24 "varieties" 
when replicated to totals of 96, 144 and 192 hills, respectively, 
in plots of 8, 16 and 24 hills. A significant -difference was con-
sidered as one larger than 1.959964 times its standard error, for 
which P equals 0.05. Thus, 5 percent of the differences would 
be expected to exceed this value by chance. The standard errors 
and percentages of significant differences are shown in table 
XVII. 
TABLE XVII. STANDARD ERROR OF A lIrEAN DIFFERENCE, Sd, AND THE 
PERCENTAGE OF SIGNIFICANT DIFFERENCES AMONG THE MEANS OF 
"VARIETIES" REPLICATED TO TOTALS OF 96, 144 AND 192 HILLS, RE-
SPECTIVELY, IN PLOTS OF e, 16 AND 24 HILLS 
K-23 I-25 ~ M-25 
Total no. Size Sd Sig. dif. Sd Sig. dif. S d Sig. dif. 
of hill s of plot lb. Pet. lb. Pet. lb. Pet. 
48 "va· 
rieties" 
96 8 1.49 2.4 1.75 1.7 1.55 4.8 
16 1.62 8.8 2.14 7.5 1.75 12.2 
" 24 1.78 8.4 2.06 24.7 2.02 6.6 
32 "va_ 
rieties" 
144 8 1.18 4.4 1.16 1.4 1.26 4.2 
16 1.35 3.0 1.35 8.5 1.50 4.8 
" 24 1.47 0.6 1.55 2.8 1.69 4.4 
24 "va-
rieties" 
192 8 0.96 5.4 1.00 1.5 1.08 0.0 
" 16 1.10 0.7 1.16 10.5 1.28 10.1 




Although the percentage of significant differences was less 
than the expected 5 percent in eight of the nine comparisons 
with 8-hill plots, the agreement between observation and theory 
was closer than with either 16-hill or 24-hill plots. More than 
5 percent of the differences were significant in six of the nine 
tests with 16-hill plots and in four of the nine tests with 24-hill 
plots. In general, the larger excesses were with the fewest 
replications, but agreement with the expected was about equally 
good with replication to totals of 144 and 192 hills. 
Single-row plots were shown to be less variable than two-row 
plots one-half as long or other plots of the same size but more 
nearly square. This relation would not be influenced by the 
grouping which could be essentially the same for plots of differ-
ent shapes. 
Thus far comparisons of plot sizes and numbers of replica-
tions have been based on estimated standard deviations or simi-
lar statistics which are the only measures of precision available 
in an actual yield test of different varieties. In a uniformity 
test the variance among the yields of dummy "varieties" is a 
measure of the precision actually attained. 
TABLE XVIII. THE RATIOS, AND THEIR z·VALUES, OF THE LARGER TO 
THE SMALLER VARIANCES AMONG THE YIELDS OF "VARIETIES" IN 8, 
16 AND 24·HILL PLOTS REPLICATED TO TOTALS OF 96, 144 AND 19 2 HILLS 
Experiment 
Size of K-2 3 1·2 5 M·25 Average 
plots 
I I I compared R a tio z Ratio z R a tio z Ratio z 
48 "vari eties," 
96 hill s each 
16/ 8 2.088 0.368 2. 818 0.518 2.173 0.388 2. 3 57 0.429 
24/ 8 2.248 .405 5.768 .876 2.041 .357 3.306 .598 
24/ 16 1.077 .0 3 7 2.047 .358 -1.06 5 .031 1.40 3 .169 
32 liv ari eti es," 
144 hill s each 
16/8 -1.019 0. 009 3 .202 0.582 1.838 0.304 1.792 0.292 
24/8 -1.12 8 .0 60 2 .526 .463 2 .488 .456 1.824 .301 
24/ 16 -1.108 .0 51 -1.267 .11 8 1.354 .152 1.018 .009 
24 "vari eti es," 
192 hills each 
16/ 8 -1.968 0 .339 2 .910 0.534 2.957 0.542 1.884 0.317 
24/ 8 1.211 .096 -1.064 .0 31 3 .029 .554 1. 691 .263 
24/ 16 2. 38 3 .434 - 3 .097 .565 1.025 .012 -1.115 .054 
The significance of the difference between these variances 
among the yields of "varieties" in plots of different size and 
numbers of replications was tested by the method described by 
Fisher (2) . The variances were computed to the basis of 
equivalent areas and the ratios of the larger to the smaller vari-
ance were determined. These ratios comparing 8, 16 and 24-hill 
plots together with their respective z-values are shown in table 
XVIII. The variance usually was larger for the larger plot. 
Where the reverse was true, a minus sign precedes the ratio. 
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Values of z which equal or exceed the 5 percent point are in 
heavier figures. This point is accepted as the minimum for sig-
nificance. 
The 48 yields of 12 8-hill plots were significantly less vari-
able than those of six 16-hill or four 24-hill plots in each experi-
ment. 'fhe yields of six 16-hill plots were significantly less 
variable than those of four 24-hill plots in one experiment, 
slightly less variable in one, and slightly more variable in the 
other, the mean of the three experiments being significantly 
favorable to the 16-hill plots. 
Increasing the number of replications decreased the advan-
tage of the smaller plot. The 32 yields of 18 8-hill plots were 
slightly more variable than those of nine 16-hill or six 24-hill 
plots, . and those of the 16-hill plots were slightly less variable 
than thol!le of the 24-hill plots in experiment K-23 . . In the other 
two experiments, and in the mean of the three experiments, how-
ever, the advantage was significantly in favor of the 8-hill plots . 
. There was no significant difference between the 16 and 24-hill 
plots in any experiment, and the difference was slightly in 
favor of the 24-hill plots in two experiments. 
The yields of 24 8-hill plots were more variable than those of 
12 16-hill plots in experiment K-23 but significantly less variable 
in experiments 1-25 and M-25 and in the mean of the three ex-
periments. The 8-hill plots had a significant advantage over the 
24-hill plots, however, in only one experiment. The 12 16-hill 
plots were significantly better than the 8 24-hill plots in ex-
periment K-23 and nearly the same in experiment M-25, while 
the opposite was true in experiment 1-25. 
These results indicate a real advantage for the smaller plot 
when there are few replications, but as the number of replica-
tions is increased the differences between plot sizes become less. 
The effect of increasing the number of plots was studied in 
the same way as the effect of plot size. Variances among the 
yields of "varieties" were computed with the basis of equivalent 
areas or numbers of replications, and the ratio of the larger to 
the smaller variance was determined. Where the larger area 
also had the larger variance, a minus sign pre!:ledes the ratio. 
The z-values were determined as before, but a significant value 
for a negative ratio is somewhat larger than for a positive ratio 
because the two variances do not have the same number of de-
grees of freedom. The ratios and their z-values are shown in 
table XIX with the significant z-values in heavier figures. 
Increasing the number of 8-hill plots from 12 to 18 reduced 
the actual variance among the means of "varieties" in each ex-
periment. The reduction was significant in experiments 1-25 
and M-25 and in the mean of the three experiments. Further, 
though not significant, reductions resulted from increasing the 
number to 24 plots. Significant reductions in each experiment 
resulted from increasing the number of 16-hill plots from six to 
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TABLE XIX. THE RATIOS, AND THEIR z VALUES, OF THE LARGER TO 
THE SMALLER VARIANCE AMONG THE MEAN YIELDS OF "VARIETIES" 
COMPARING REPLICATION TO TOTALS OF 96, 144 AND 192 HILLS IN PLOTS 
OF 8, 16 AND 24 HILLS 
Experiment 
No. of r epli ' 
cations and K·23 1·25 M·25 Aver age 
size of plot 
I compared Rat io z R atio z Ratio z R atio z 
8·hill plots 
12/ 18 1.241 0.108 2.526 0.463 1.985 0.343 1.797 0.293 
18/ 24 1. 309 .135 1.177 .081 1.561 .223 1.351 .150 
12/ 24 1.624 .242 2.974 .545 3.098 .565 2 .427 .443 
16·hill plots 
I 
6/9 2.639 0.485 2.223 0.399 2.347 0.427 2.363 0.430 
9 / 12 2.530 .464 1.296 .130 -1.0 3 0 .015 1.285 .125 
6/12 6.67 8 .949 2.880 .529 2.278 .412 3 .0 38 .556 
24·hill plots 
t I 
4/6 3.147 0.573 5. 7 67 0.876 1.628 0.244 3.256 0.590 
6/8 -1.043 .02 1 3.166 .576 1.282 .124 1.458 .189 
4 /8 3.017 .552 18 .2 55 1.301 2.088 .368 4.747 .779 
nine and the number of 24-hill plots from four to six. Increas-
ing the number of 16-hill plots from 9 to 12 reduced the vari-
ance significantly only in experiment K-23 and increased it 
slightly in experiment M-25. Increasing the number of 24-hill 
plots from six to eight increased the variance slightly in experi-
ment K-23, reduced it significantly in 1-25 and in the mean of 
the three experiments. 
These .results agree with those based on the estimates of vari-
ance. The use of at least 144 hills of each variety is justified, 
and the desirability of distributing them in plots of the small-
est practicable size is indicated. 
REGRESSION ON A MOVING AVERAGE 
Some investigators have concluded that a limit to reduction 
in the standard error of the mean by increasing the number of 
r eplications was soon reached. It was explained that an in-
crease in the number of replications and consequently the size 
of the experimental fi eld was likely to be accompanied by an in-
crease in the total variablity. As long as no method was avail-
able for eliminating correlated variation and no attempt was 
made to obtain the greatest amount of such correlated variation 
by the distribution of varieties, the conclusion was wholly war-
ranted. Random distribution of varieties within replications or 
groups laid out so as to obtain the greatest similarity among the 
plots within a group, followed by analyzing out the variance, re-
duced the standard error significantly. This procedure elimin-
ates from the final estimate of error any effect of variation from 
one group to another. Consequently, if additional areas are 
available which are no more variable within themselves than 
those required for the first few replications, the standard error 
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of the mean can be reduced in accordance with theory. The 
number of additional replications required to achieve equal addi-
tional reductions rapidly increases, however, so that the practical 
limit soon is reached. 
As the number of items compared and consequell,tly the area 
required for a single replication is increased, the correlated 
variation becomes less and less. Under such conditions, analysis 
of variance is of less value inasmuch as the variability between 
replications may be no greater than that within them. The ad-
justment of yields to their regression on a moving average may 
be of special value in such experiments, not only in reducing the 
standard error but also in testing the adequacy of sampling and 
in adjusting the mean for soil heterogeneity. Analyzing out 
the variance permits eliminating the effects of variation between 
groups or replications; adjusting to the regression on a moving 
average goes further by eliminating .a portion of the variance 
within replications. 
The moving average method has been described adequately by 
Richey (9, 10) and its effect compared (11) with that of analyz-
ing the variance. This method comprises (1 ) determining the 
regression of the deviations of the individual plot yields from the 
mean yields of appropriate varieties upon the average of such 
deviations for a few neighbor plots, usually two on each side, 
and (2) adusting the individual plot yields in accordance with 
this determined regression and the average deviations. Beyond 
this brief statement it seems necessary here only to compare the 
effect of the method with the analysis of variance on the standard 
errors and the goodness of fit of the standard errors with plots 
of different size. 
The coefficients of intraclass correlation among different num-
bers of adjacent plots (table XX) illustrate both the influence 
of plot size on the effectiveness of the method and the reduction 
in correlation as the number of adjacent plots is increased. The 
correlations are smaller for 8-hill plots than for plots of any 
other size except in experiment M-25 where the correlation 
among 48-hill plots is smallest. All of the correlations for the 
4 and 6-plot groups are highly significant. As correlations for 
16 and 24-hill plots usually were greater, only these two plot 
si7.es were used in comparing the two methods. 
The coefficients in table XX serve also to illustrate where and 
why the moving average method is most useful. The relatively 
large correlated variation among the adjacent rows of the four 
and six-plot groups is indicative of what can be eliminated 
through analysis of variance when only a few items are being 
compared. In contrast, the correlation among the adjacent 24, 
32 and 48 16-hill plots are much smaller ~nd show how rapidly 
the correlated variation decreases as the number of items, and 
consequently the area required for a replication increases. ThE' 
place of the moving average method is in the larger experiments 
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TABLE XX. COEFFICIENTS OF INTRA CLASS CORRELATION AMONG DIF-
FERENT NUMBERS OF ADJACENT PLOTS OF DIFFERENT SIZE 
No. of Size of Coefficient of 'correlation in exper iment 
adjacent plots plot, hills K-23 I 1-25 lIf-25 
4 8 0.34 0.77 0.69 
16 .43 .84 .72 
" 24 .43 .83 .74 
" 48 .43 .80 .67 
6 8 .31 .76 .68 
16 .40 .83 .70 
" 24 .38 .83 .72 
" 48 .40 .80 .66 
24 16 .28 .60 .24 
36 .23 .50 .26 
48 " .12 .30 .08 
where it is used to measure and adjust for the correlated varia-
tion in the smaller groups within the replications. 
The actual variance among the means of the 48 dummy 
"varieties, " the variance for the same means as estimated from 
the variance for the experiment and the extreme range for the 
means are given in table XXI for both methods_ The values 
for the moving average method are based on the adjusted yields_ 
The actual variance among the means and the range for the ana-
lysis of variance method is the same as that before adjusting to 
the regression on a moving average. The differences between 
the actual variances for the two methods therefore measure the 
increased similarity among the means achieved by adjusting. 
In this connection it should be remembered that all of these 
means in reality are for the same variety of corn_ 
TABLE XXI. ACTUAL AND ESTIMATED VARIANCE IN THE MEANS WITH-
OUT AND WITH ADJUSTMENT TO REGRESSION ON A MOVING AVERAGE 
AND THE RANGE AND PERCENTAGE OF SIGNIFICANT DIFFERENCES 
BETWEEN MEANS IN TERMS 'OF THE STANDARD ERRORS DETERMINED 
FROM THE ANALYSIS OF VARIANCE AND THE REGRESSION ON A MOVING 
AVERAGE 




of Moving of Moving 
variance average variance average 
Variance, Expt. K-23 
Actual .8221 .6765 1.9913 1.7535 
Estimated .5862 .5028 1.5763 1. 3389 
Range 3.31 3.54 6.85 5. 40 
Percentage of significant differences 8.78 9.75 8.42 8 .33 
.Variance, Expt. 1-25 
Actual 1.2377 .4961 5.6991 3.4912 
Estimated 1.0132 .4375 2.1268 1. 37 33 
Range 4.52 3.06 9.19 8 .32 
Percentage of signi fi cant differences 7.45 6.03 24.65 23.40 
Variance, Expt. M-25 
Actual 1.1420 .4506 2.4138 1.6533 
Estimated .6797 .4953 2.0323 1.1221 
Range 4.92 2.71 6.99 5.31 
Percentage of significant differences 12.15 3.19 6.56 10.64' 
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Adjusting to the regression on a four-row moving average re-
duced both the actual and the estimated variance below that ob-
tained by the analysis of variance in each comparison. Putting 
the relative variances on the basis of the number of plots re-
quired to give equal precision by the two methods, the analysis 
of variance would require from 7 to 14 replications as compared 
with 6 for the regression on a moving average. 
The extreme range among the means was reduced by adjust-
ment in five of the six tests. The estimated variance after ad-
justment was less than the actual in each of the experiments ex-
cept one, whereas for the analysis of variance method the esti-
mated was lower in every experiment. In all of the experiments, 
except M-25 with 24-hill plots, the difference between the actual 
and estimated variances was less for the moving average than for 
the analysis of variance method. The agreement between the 
actual and the estimated may be measured in terms of significant 
differences (1.959964 times the standard error of a mean differ-
ence) among the means of the "varieties." The percentage of 
such differences ranged from 3.2 to 24.7, when 5 percent would 
constitute a perfect fit. The two rather markedly higher per-
centages, 24.7 and 23.4, were obtained with 24-h'ill plots in Ex-
periment 1-25, the indication being that the replications were 
too few. Although the moving average method effected a con-
siderable reduction in the standard error, it of course can not 
substitute for adequate replication. 
DISCUSSION 
The data for the three uniform planting experiments were ob-
tained with three varieties in two different years and on different 
areas. To what extent can the results be applied generally~ 
Although the variability of plot yields differed markedly in the 
three experiments, the results were similar, in that there usually 
was reasonable agreement of observations with theoretical ex-
pectancy. 
The three experiments differed more in the variability of plot 
yields than in the variability of hill yields. The correlation 
among the hills constituting a plot was greatest in the experi-
ment with the greatest plot variability and least in that with the 
smallest plot variability. In experiment K-23 the variability of 
the mean yields of various numbers of hills was reduced as the 
number of hills was increased in close agreement with theoretical 
expectancy. A similar reduction in experiments 1-25 and M-25 
would be expected. 
The simplest approach to the problem of size, shape and num-
ber of plots seemed to be that in which it was assumed that a 
given area of land was planted to one variety of corn and the 
question was how many hills are necessary and how should they 
be distributed in order to determine a yield which would not 
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differ from any other similarly determined yield by more than 
any specified value. 
With the estimated standard error of a mean as the criterion, 
it was shown that in general the relative efficiency of a given 
area increased as the plot size was decreased and that this rela-
tion tended to be maintained as the number of hills devoted 
to each" variety" was increased from 96 to 144 and then to 192. 
Significant reductions in the actual variance among the" vari-
etal" means usually did not result from replicating to more 
than 144 hills. Although the advantage at this point was with 
the 8-hill plots, it would seem that practical usage might require 
a somewhat larger plot with fewer replications. 
The most desirable size and shape of plot is influenced also 
by the nature of the experiment and by the soil heterogeneity of 
the experimental field. Long narrow plots were less variable 
than those of two rows one half as long or those more nearly 
square, but the variability among 16-hill plots was not mate-
rially different for plots of one, two and four rows. Exposure 
to competition would be reduced by nearly one-half from using 
two rows and still further from using four, one-fourth of the 
hills in a 4x4 plot being completely protected from competition. 
As an average of the three experiments, significant differences 
in terms of the estimated standard of error were 7.6 percent of 
the mean for 18 8-hill, 8.9 percent for nine 16-hill and 9.9 per-
cent for six 24-hill plots. The differences are consistent and 
definitely indicate an advantage for the smaller plot. 
Theoretically, the reduction in the variance of an experiment 
from replicating more than 10 or 12 times will be sm;:tll. _The 
labor involved in replicating beyond this probably would not be 
repaid except in experiments where it was important to measure 
very small differences. In such experiments the number of 
things compared is likely to be relatively small with a consequent 
increase in the efficiency of a given number of replications. 
Moreover, it is best to keep the number of replications to the 
minimum required for a reasonable degree of precision and to 
repeat the entire experiment under other conditions, as in differ-
ent years or on different soil types or levels of fertility. 
TABLE XXII. THE INDIVIDUAL YIELDS IN POUNDS OF DIFFERENT SIZED PLOTS OF KRUG CORN IN 1923, OBTAINED BY 
ADDING THE YIELDS OF DIFFERENT NUMBERS OF CONSEOUTIVE HILLS IN ROWS EAST AND WEST 
8·Hill plots 16·Hill plots 24·Hill plots 48·Hill plots 
Row Series number Series number Series number I Series number 
number 1 2 3 4 5 6 1 2 3 1 I 2 I 1 
11 12.39 12.36 10 .77 11.70 12.54 10 .69 24.75 22.47 23.23 35.52 34.93 70.45 
12 13.49 12.32 12.38 11.27 10.43 11.87 25.81 23.65 22.30 38 .19 33.57 7 1. 76 
13 10.00 10.39 7.64 9.60 10.69 12.86 20.39 17.24 23.55 28.03 33.15 61.18 
14 13.46 11.74 12.58 12.44 10.08 11.60 25.20 25.02 21.68 37. 78 34.12 71.90 
15 11.26 12.37 11.92 11.64 9.67 10.92 23.63 23.56 20 .59 35.55 32.23 67.78 
16 12.48 12 .51 10.99 10.70 9.02 11.81 24.99 21.69 20.83 35 .98 31.53 67.51 
17 11.27 13 .20 10.33 10.71 7.97 10.47 24.47 21.04 18.44 34.80 29 .15 63.95 
18 13.25 9 .77 1 3 .00 12.52 10 .09 11.28 23'. 02 25.52 '21.37 36.02 33 .89 69.91 
19 11.90 11.37 12.21 11 .78 11.11 12.81 23.27 23.99 23 .92 35.48 35.70 71.18 
20 13 .64 12.43 11.98 10.50 10.22 11.46 26.07 22.48 21.68 38.05 32,18 70 .23 
21 12 .30 11 .08 10.18 9.79 10.60 10.86 23.38 19.97 21.46 33.56 31.25 64.81 
22 13.90 11.02 8 .99 11.57 8.76 1 2.46 24.92 20 .56 21.22 33.91 32.79 66.7() 
23 12.47 12.51 11.54 10.82 9.09 10.10 24.98 22.36 19.19 36.52 30.01 66.53 
24 11.99 10.66 10.42 11.48 10.55 11.10 22.65 21.90 21.65 33.07 33 .13 66.20 
25 12.72 9.75 8.97 9.98 8.81 12.91 22.47 18.95 21.72 31.44 31.70 63.14 
26 13.08 10.53 12 .28 9.82 12.09 11.15 23.61 22.10 23.24 35.89 33.06 68.95 
27 10 .17 11.28 10.56 12.60 9.89 11.98 21.45 23.16 21.87 32.01 34.47 66.48 
28 14.24 12.53 12.94 13.46 10.71 12.93 26.77 26.40 23.64 39 .71 37 .10 76.81 
29 13.36 12.92 12.78 11.64 11.40 12.37 26.28 24.42 23.77 39.06 35 .41 7 4 .47 
30 12.43 12.67 11.81 12.82 11.79 10.98 25.10 24.63 22.77 36.91 35.59 72.50 
31 13.13 13.13 13 .81 12.08 12.28 13.36 26.26 25.89 25.64 40.07 37.72 77 .79 
32 12.34 9.16 13.00 10.23 10 .78 12.50 21.50 23.23 23.28 34.50 33 .51 68.01 
33 13.15 13.26 12.74 11.99 11.56 11.20 26.41 24.73 22.76 39.15 34.75 73.90 
34 12.32 13.69 12.41 10.78 13.03 12.10 26.01 23.19 25.13 38.42 35 .91 74.33 
35 13 .31 13.22 12.49 11.86 12.92 11 .65 26.53 24.35 24.57 39.02 36.43 7 5 .45 
36 13.81 12.21 12.62 13.15 12.57 12.26 26.02 25.77 24.83 38.64 37.98 76 .62 
37 11.42 12 .72 14.40 12 .79 11.99 13 .43 24 .14 27 .19 25.42 38.54 38.21 76.75 
38 12.47 12.40 12.51 13.36 11.39 11.49 24.87 25.87 22.88 37.38 36.24 7 3.62 
39 10.41 10.67 11.67 12.92 10.91 13.11 21.08 24.59 24.02 32 .75 36.94 69.69 
40 9.57 12 .58 12.72 12.17 12.83 13.53 22.15 24.89 26.36 34.87 38.53 73.40 
41 10 .33 12.85 13.65 12.88 13.19 11.91 23.18 26 .53 25 .10 36.83 37.98 74.81 
42 11.24 11 .54 13.93 12.64 11.95 10.91 22.78 26.57 22.86 36.71 35.50 72 .21 
43 11.01 12.68 13.16 12.58 13.84 10.79 23.69 25.74 24.63 36.85 37.21 7 4 .06 
44 12.12 11.18 14.78 13.64 11.22 10.87 23.30 28.42 22.09 38.08 35.73 73.81 
45 11.72 12 .79 12.03 1 3.18 12.60 10.79 24.51 25.21 23.39 36.54 36.57 73.11 
46 10.95 9.89 13.62 14.78 13.55 13.23 20.84 28.40 26.78 34.46 41.56 76.02 
47 9.86 10.83 15.29 12.07 10.63 11.86 20.69 27.36 22.49 35.98 34.56 70.54 
48 10 .19 12.52 12 .39 13.57 13.07 13.18 22.71 25.96 26.25 35.10 39.82 74.92 
49 9.68 13.35 13.58 11.72 lR.27 12.69 2 3.03 25. 30 25.96 36.61 37.68 74.29 
50 12.61 12.78 13.53 12.10 12.04 14.41 25.39 25.63 26.45 38 .92 38 .55 77.47 
51 12 .09 13.66 14.29 12 .85 10.67 11.49 25.75 27. 14 22 .16 40.04 35.01 75.05 
52 12.28 12.07 13.62 13.71 10.80 10.32 24.35 27.33 21. 1 2 37.97 34.83 72.80 
53 11.52 14.12 13.97 12.77 10.68 12.38 25.64 26.74 23.06 39.61 35.83 75.44 
54 12 .18 12.28 13.74 13.71 11.64 12.84 24.46 27.45 24.48 38.20 38.19 76.39 
55 11.99 12.35 13.02 13.16 13.14 13.~3 24.34 26.18 26.47 37.36 39.63 76.99 
56 12.47 10.71 12.28 13.41 11.02 11. 73 23. 1 8 25.69 22.75 35.46 36.16 71.62 
57 10.39 12 .77 12.14 13.79 10.27 12.05 2~. 1 6 25.93 22.32 35.30 36.11 71.41 




TABLE XXIII. THE INDIVIDUAL YIELDS IN POUNDS OF DIF~'ERENT SIZED PLOTS OF KRUG CORN IN 1923 OBTAINED BY 
ADDING ~'HE YIELDS OF DIFFERENT NUMBERS OF CONSECUTIVE HILLS IN ROWS NORTH AND SOUTH. 
8·Hill plots 16-Hill plots 24-Hill plots 48-Hill plots 
Row Series number Series number Series number Series number 
number 1 I 2 3 4 5 6 I 1 2 3 1 I 2 1 
2 12.78 14.64;, 13.00 12.76 12.13 12.45 27.42 25.76 24.58 40.42 37.34 77.76 
3 12.08 12.53 13.88 10.97 10.32 12.98 24.61 24.85 23.30 38.49 34.27 72.76 
4 12.29 14.23 12.63 13.10 11.47 12.97 26.52 25.73 24 .44 39.15 37.54 76.69 
5 13.16 12.28 11.56 10.89 10.70 12.01 25.44 22.45 22 .71 37 .00 33 .60 70.60 
6 11.24 1 3.45 12.28 11.65 10.62 9.70 24.69 23.93 20.32 36.97 31.97 68 .94 
7 11.90 10.76 12.39 10.55 11. 70 11. 77 22.66 22.94 23.47 35.05 34.02 69 .07 
8 12.40 12.76 12.42 10.42 10.09 11.58 25.16 22.84 21.67 37.58 32.09 69.67 
9 11. 75 11.35 12.98 12.22 11.11 11.90 23.10 25 .20 23 .01 36.08 35.23 71.31 
10 11.20 12.57 11.81 13 .10 11.93 1 3 .15 23.77 24.91 25.08 35.58 38 .18 73.76 
11 13.13 11.95 12.77 13.79 9.82 12.37 25.08 26.56 :l2 .19 37.85 35.98 73.83 
12 11.49 10.37 11.45 10.32 11.66 12.32 21.86 21.77 23.98 33.31 34.30 67 .61 
13 11.05 11.21 12.74 13.41 12. 30 11.48 22.26 26.15 23.78 35.00 37.19 72.19 
14 12.25 11.14 12.23 12.51 11.70 13.65 23.39 24.74 25.35 35.62 37.86 7 3 .48 
15 12.62 9.86 13.54 11.35 12.58 9.68 ~2.48 24.89 22.26 36.02 33.61 69.63 
16 11.67 11.49 11.47 12.10 13.35 14.26 23 .16 23.57 27.61 34.63 39.71 74.34 
17 11.25 10 .76 12.63 11.61 12.68 13.53 22.01 24.24 26.21 34.64 37.82 72.46 
18 11.36 9.71 12 .36 12.59 14.00 13.22 21.07 24.95 27.22 33.43 39.81 73.24 
19 12.17 12.29 13.08 12.41 13.71 12.65 24.46 25.49 26.36 37.54 38.77 76 .31 
20 11.62 11.40 12.01 13.01 12.26 11 .56 23.02 25.02 23.82 35.03 36.83 71.86 
21 10.18 10.20 11.25 12.59 13.87 16.06 20.38 23.84 29.93 31.63 42.52 74.15 
22 12.01 9.39 12.28 14.48 13.50 12.85 21.40 26.76 26.35 33.68 40.83 74.51 
23 10.69 10.98 12.12 12.50 13.64 12.14 21.67 24.62 25.78 33.79 38.28 72.07 
24 10.24 12.13 12 .95 13.38 13.70 14.70 22.37 26.33 28.40 35.32 41.78 77.10 
25 11.34 10.47 14.00 13.03 13.70 13.56 21.81 27.03 27.26 35.81 40.29 76.10 
26 12.50 8.90 11.20 13.77 14.67 15.10 21.40 24.97 29.77 32.60 43.54 76.14 
27 13.62 12.50 13.10 12.07 11.04 12.54 26.12 25.17 23.58 39.22 35 .65 74.87 
28 10.4e 9.91 1 3.39 13.37 12.56 12.87 20.31 26.76 25.43 33.70 38.80 72.50 
29 10 .95 11.87 11.31 13.19 13.77 14.72 22.82 24.50 28.49 34.13 41.68 75.81 
30 10.99 11.47 12.63 12.58 1 3.12 10.19 22.4fi 25.21 23.31 35.09 35 B9 70.98 
31 11.46 12.01 12.12 13.22 11.11 13.45 23.47 25.34 24.56 35.59 37.78 73.37 
32 10.39 11.26 11.27 11.25 13.58 14.14 21.65 22.52 27.72 32.92 38.97 71.89 
33 10.27 7.82 10.58 12.32 ] 3.79 13.30 1 8.09 22.90 27.09 28.67 39.41 68.08 
34 9.25 8.09 11.24 12.72 U.17 10.55 17.34 23.96 22.72 28 .58 35.44 64.02 
35 9.23 10.88 12.45 12.00 13.41 11.25 20.11 24.45 24.66 32.56 36.66 69.22 
36 10.43 12.15 11.87 10.74 12.88 11.01 22.58 22.61 23.89 34.45 34.63 69.08 
37 10.73 ] 0.29 12.16 12.27 12.63 8.28 21.02 24.43 20.91 33.18 33 .18 66.36 
38 11.36 10.55 10.40 12.37 12.59 12.80 21.91 22.77 25.39 32.31 37.76 70.07 
39 9.22 9.22 11.86 11.71 12.79 10.80 18.44 23.57 23.59 30.30 . 35.30 65.60 
40 9.84 8.99 10.76 14.03 12.77 1 3.16 18.83 24.79 25.93 29.59 39.96 69.55 
41 10.43 11.06 10.70 11.91 10.98 10.95 21.49 22.61 21.93 32.19 3ll.84 66.03 
42 11.33 10.02 12.10 11.30 10.23 11.67 21.35 23.40 21.90 33.45 33.20 66.65 
43 12.22 10.33 12.13 10.76 12.59 11.06 22.55 22.89 23.65 34.68 34.4] 69.09 
44 11.0 5 12.28 ] 1.31 13.98 11.59 12.90 23.33 25.29 24.49 34.64 38.47 73.11 
45 ] 1.47 11.47 1 3.82 12.13 ] 3.26 12.95 22.94 25.95 26.21 36.76 38.34 75.10 
46 11.88 14.06 ] 1.29 ] 4.08 12.95 11.62 25.94 25.37 24.57 37.23 38.65 75.88 
47 10.2 3 10.96 12.95 12.04 11.25 10.21 21.19 24.99 21.46 3 4.14 33.50 67.64 
48 11.89 11.89 12.40 11.55 12.75 10.5 8 23.78 23.95 23.33 36.18 34.88 71.06 




TABLE XXIV. THE INDIVIDUAL YIELDS IN POUNDS OF DIFFERENT SIZED PLOTS OF roDENT CORN IN 1925, OBTAINED 
BY ADDING THE YIELDS OF DIFFERENT NUMBERS OF CONSECUTIVE HILLS IN ROWS EAST AND WEST. 
8·Hill plots 16·Hill plots 24·Hill plots 48·HiIl plots 
Row Series number Series number Series number Series number 
number 1 2 3 4 5 I 6 1 I 2 3 1 I 2 1 
51 8.86 9 .83 11.13 11. 77 10.09 9.21 18.69 22.90 19.30 29.82 31.07 60.89 
52 9.39 9.93 12.33 12.42 10.57 10.57 19.32 24.75 21.14 31.65 33.56 65.21 
53 9.89 11.28 12.46 13.40 11.43 11.50 21.17 25.86 22.93 33.63 36.33 69.96 
54 7.93 9.51 12.27 11.96 9.90 10.75 17.44 24.23 20.65 29.71 32.61 62.32 
55 9.96 10.22 14.25 12.34 8.73 10.28 20.18 26.59 19.01 34.43 31.35 65.78 
56 10.77 10.21 13.7 5 12.51 10.36 10.36 20.98 26.26 20.72 34.73 33.23 67.96 
57 9.19 9.84 12.39 12.65 10.78 11.47 19.03 25.04 22.25 31.42 34.90 66.32 
58 9.34 9.41 1 3.03 11.97 10.10 11.81 18 .75 25.00 21.91 31.78 33.88 65.66 
59 8.70 10.66 12.99 12 .59 10 .1 2 9.92 19. 36 25.58 20.04 32.35 32.63 64.98 
60 8 .71 10.00 13.54 1 3.40 11.88 1 2.33 18.71 26.94 24.21 32.25 37.61 69.86 
61 7.90 10.45 12.14 11.41 9.85 10.80 18.35 23 .55 20.65 30.49 32.06 62 .55 
62 8.13 9.81 12.92 13.04 10.98 11.49 17.94 25.96 22.47 30.86 35.51 66 .37 
63 8.87 10.17 11.22 12.61 11.15 9.95 19.04 23.83 21.10 30 .26 33.71 63 .97 
64 8.53 10.01 12.00 12.99 11.68 10.73 18.54 24.99 22.41 30.54 35.40 65.94 
65 9.61 9.24 11.82 13.76 11.73 11.20 18 .85 25.58 22.93 30.67 36.69 67.36 
66 9 .53 9.22 11.90 11 .94 11.70 1 3.04 18.75 23.84 24.74 30.65 36.68 67.33 
67 8.38 8.69 11.97 13 .25 12.23 11.06 17.07 25.22 23.29 29.04 36.54 65.58 
68 9 .23 8.95 12.25 11.93 11.19 11.26 1 8.18 24.18 22 .45 30.43 34.38 64.81 
69 7.28 9.05 8.30 10.98 11.44 8.58 16.33 19.28 20.02 24.63 31.00 55.63 
70 8.23 9.71 10.46 1 3.25 11.67 12.24 17.94 23.71 23.91 28.40 37.16 65.56 
- -71 7.19 8.05 9.93 12.72 12.37 - 11. 31 15.24 22.65 23.68 25.17 36.40 61.57 
72 7.46 7.10 8.66 12.44 10 .81 9.72 14.56 21.10 20.53 23.22 32.97 56.19 
73 6 .87 7.66 8.53 13.88 11.36 11.37 14.53 22.41 22.73 23 .06 36.61 59.67 
74 6.80 7.25 9.40 13 .50 11.46 10.97 14.05 22.90 22 .43 23.45 35.93 59 .38 
75 7.11 6.54 8.44 11.51 10.52 9.93 13.65 19.95 20 .45 22 .09 31.96 54.05 
76 7.95 7 .26 8.33 11.00 10.93 10.77 15.21 19.33 21.70 23.54 32.70 56.24 
77 7.12 7.05 9 .48 11.06 11.17 11.35 14.17 20.54 22.52 23.~5 33.58 57.23 
78 7.50 6.89 8.82 11.08 10.54 10.51 14.39 19.90 21.05 23.21 32.13 55.34 
79 8 .22 7.52 9.76 12.16 11.3 3 8 .79 15.74 21.92 20.12 25.50 32.28 57.78 
80 8.91 8.13 9.56 11.05 ll.41 10.23 17.04 20.61 21.64 26.60 32 .69 59 .29 
81 7.97 8.64 9.24 11.69 10.03 11.57 16.61 20.93 21.60 25.a5 33.29 59 .14 
82 8.73 7.32 8.91 12 .17 10.30 10.84 16.05 21.08 21.14 24.96 33.31 58.27 
83 7.85 7.22 9.32 9.55 9.76 10.78 15.07 18.87 20.54 24.39 30.09 54.48 
84 7 .71 7.35 9.12 10.70 9.3l. 9.29 15.06 19.82 18.60 24.18 29 .30 53.48 
85 7.32 5.56 9.16 9.76 9.94 11.48 12.88 18.92 21.42 22.04 3 1.1 8 53 .22 
86 9.66 8. 19 10.24 11.19 10.38 11.97 17.85 21.43 22.35 28 .09 33.54 61.63 
87 9.14 8.39 9.19 10.29 10.14 12 .52 17.53 19.48 22.66 26.72 32.95 59 .67 
88 9.48 7.87 9.86 9.67 9.47 11.02 17.35 19.53 20.49 27.21 30.16 57.37 
89 8.94 6.78 8.65 9.99 10.34 10.96 1 5.72 18 .64 21.30 24.37 31.29 55.66 
90 8 .44 8.27 9.96 10.21 12 .12 12.03 16.71 20.17 24. 1 5 26.67 34.36 61.03 
91 9.37 9.56 10.18 10.1 8 10.84 11.29 18.93 20.36 22.13 29.11 32.31 61.42 
92 6.98 9.53 10.1 3 9.03 10.13 12.48 16.51 19.16 22.61 26.64 31.64 58.28 
93 8.96 8.89 10.81 10 .87 10.75 12.36 17 .85 21.68 23.11 28.66 33.98 62 .64 
94 8.65 9.58 10.1 3 8.84 10.61 10.82 J 823 18.97 21.43 28.36 30.27 58.63 
95 10.22 8.59 10.97 10.98 10.9 5 11.10 18.81 21.95 22.05 29.78 33.03 62.81 
96 8.86 9 .74 9.94 9.65 8.75 11.53 1 8.60 19.59 20.28 28.54 29.93 58.47 
97 9.67 9.16 9.57 10.07 8.74 11.62 1 8.83 19.64 20.36 28.40 30.43 58.83 




TABLE XXV. THE INDIVIDUAL YIELDS IN POUNDS OF DIFFERENT SIZED PLOTS OF IODENT CORN IN 1925, OBTAINED 
BY ADDING THE YIELDS OF DIFFERENT NUMBERS OF CONSECUTIVE HILLS IN ROWS NORTH AND SOUTH. 
8·Hill plots I 16·Hill plots 24·Hill plots 48·Hill plots 
Row Series number Series number Series number Series number 
number 1 2 3 4 5 6 1 2 3 1 I 2 1 
3 8 .9 3 8.26 7.76 8.62 9.62 9.12 17.19 16.38 18.74 24.95 27.36 52.31 
4 9.95 8.18 7.23 7.78 9.64 8.89 18.13 15.01 18.53 25.36 26.31 51.67 
5 8.93 8.84 7.26 7.1.6 8.79 9.10 17.77 14.42 17.89 25.03 25.05 50.08 
6 10.25 7.72 7.65 7.04 8.53 8.71 17.97 14.69 17.24 25.62 24.28 49.90 
7 8.27 9.40 8.02 7.49 7.04 8.84 17.67 15.51 15.88 25.69 23.37 
• 
49.06 
8 9.55 8.67 6.77 "8.56 8.06 8.25 18.22 15.33 16.31 24.99 24.87 49.86 
9 8.58 9.12 8.37 7.89 8.31 8.74 17.70 16.26 17.05 26.07 24.94 51.01 
10 10.87 9.79 8.38 8.97 8.55 8.85 20.66 17.35 17.40 29.04 26.37 55.41 
-11 8.82 8.41 7.37 7.82 6.84 7.39 17.23 15.19 14.23 24.60 22.05 46.65 
12 10.20 8.95 9.58 6.82 7.00 7.98 19.15 16.40 14.98 28.73 21.80 50.53 
13 8.90 8.79 7.50 6.98 6.57 7.20 17.69 14.48 13.77 25.19 20.75 45.94 
14 9.44 9.55 7.77 6.74 7.32 9.60 18.99 14.51 16.92 26.76 23.66 50.42 
15 9.37 11.21 7.29 7.02 6.98 9.47 20.58 14.31 16.45 27.37 23.47 51.34 
16 10.83 10.56 9.36 8.19 8.63 10.62 21.39 17.55 19.25 30.75 27.44 58.19 
17 10.67 10.36 9.05 7.64 7.70 11.71 21.03 16.69 19.41 30.08 27.05 57.13 
18 12.00 11.73 8.54 8.14 8.59 11.26 23.73 16.68 19.85 32.27 27.99 60.26 
19 11.39 11.67 7.56 7.93 8.48 12.22 23.06 15.49 20.70 30.62 28.&6 59.25 
20 12.58 12.81 9.81 8.50 8.44 11.16 25.39 18.31 19.60 35.20 28.10 63.30 
21 12.49 10.97 9.97 8.28 7.97 10.28 23.46 18.25 18.25 33.43 26.53 59.96 
22 12.99 12.55 9.41 7.91 9.59 9.75 25.5J1, 17.32 19.34 34.95 27.25 62.20 
23 13.92 12.84 11.26 9.40 9.03 9.48 26.76 20.66 18.51 38.02 27.91 65.93 
24 13.22 11.88 10.76 9.21 9 .57 8.87 25.10 19.97 18.44 35 .86 27.65 63.51 
25 11.74 12.26 9.68 9.88 10.37 8.14 24.00 19.56 18.51 33.68 28.39 62.07 
26 13.28 13.55 11.05 11.43 12.05 10.61 26.83 22.48 22.66 37.88 34.09 71.97 
27 13.11 14.28 13.52 11.92 10.77 9.38 27.39 25.44 20.15 40.91 32.07 72.98 
28 13.97 13.24 12.82 11.97 11.52 10.23 27.21 24.79 21.75 40.03 33.72 73.75 
29 13.11 13.11 13.19 12.02 10.57 10.69 26.22 25.21 21.26 39 .41 33.28 72.69 
30 12.38 10.88 12.49 12.98 9.96 10.90 23.26 25.47 20.86 35.75 33.84 69.59 
31 11.97 14.03 11.86 11.39 10.43 8.22 26.00 23.25 18.65 37.86 30.04 67.90 
32 12.37 12.90 13.92 10.95 9.56 10.90 25.27 24.87 20.46 39.19 31.41 70.60 
33 10.40 11.65 12.88 11.40 9.47 10.45 22.05 24.28 19.92 34.93 31.32 66.25 
34 11.71 11.65 11.27 9.09 9.08 9.51 23.36 20.36 18.59 34.63 27.68 62.31 
35 11.97 11.28 12.09 10.79 9.54 10.12 23.25 22.88 19.66 35.34 30.45 65.79 
36 11.18 9.25 10.30 10.39 10.44 9.94 20.43 20.69 20.38 30.73 30.77 61.50 
37 9.64 12.19 11.84 12.40 9.32 10.99 21.83 24.24 20.31 33.67 32.71 66,38 
38 10.63 11.24 11.85 10.42 9.87 10.46 21.87 22.27 20.33 33.72 30.75 64.47 
39 '9.73 11.39 11.52 9.49 9.30 9.67 21.12 21.01 18.97 32.64 28.46 61.10 
40 10.22 11.50 12.48 11.72 10.55 9 .64 21.72 24.20 20.19 34.20 31.91 66.11 
41 9.46 11.11 12.12 10.40 11.28 10.19 
, 
20.57 22.52 21.47 32.69 31.87 64.56 
42 9.13 11.13 10.33 10.62 11.16 10.63 20.26 20.95 21.79 30 .59 32.41 63.00 
4~ 9.47 11.88 11.05 9.78 10.82 11.19 21.35 20.83 22.01 32 .40 31.79 64.19 
44 10.35 10.77 10 .15 10.52 10.75 11.45 21.12 20.67 22.20 31.27 32.72 63.99 
45 11.22 11.17 10.96 11.15 12.29 11.45 22.39 22.11 23.74 33.35 34.89 68.24 
46 11.44 11.35 11.15 11.46 11.31 10.85 22.79 22.61 22.16 33.94 33.62 67.56 
47 11.39 13.41 11.44 10.84 11.93 12.04 24.80 22.28 23.97 36.24 34.81 71.05 
48 10.40 8.66 11.16 11.46 9.71 11.92 19.06 22.62 21.63 30.22 33.09 63.31 
49 11.76 11.32 10.99 8.80 13.42 10.64 23.08 19.79 24.06 34.07 32 .86 66.93 






TABLE XXVI. THE INDIVIDUAL YIELDS IN POUNDS OF Dll'FEREN_T SIZED PLOTS OF McCULLOCH CORN IN 1925, OB· 
TAINED BY ADDING THE YIELDS OF DIFFERENT NUMBERS OF CONSECUTIVE HILLS IN ROWS EAST AND WEST 
--- --- --- --------- -
8·HiIl plots 16·Hill plots 24-Hill plots 48·Hill plots 
Row Series number Series number Series number Series number 
number 1 2 3 4 5 6 1 I 2 3 1 2 1 
3 10.60 9.59 9.94 9.00 10.51 10.94 20.19 18.94 21.45 30.13 30.45 60.58 
4 10..58 8.40 9.50 8.86 9.26 10.91 18.98 18.36 20.17 28.48 29.03 57.51 
5 10.98 9.78 9.57 8.41 10.03 11.46 20.76 17.98 21.49 30.33 29.90 60.23 
6 10.52 9.83 9.45 8.25 8.91 9.98 20.35 17.70 18.89 29.80 27.14 56.94 
7 8.90 8.89 9.11 9.78 9.17 10.74 17.79 18.89 19.91 26.90 29.69 56.59 
8 10.69 9.00 8.81 9.13 10.66 11.70 19.69 17.94 22.36 28 .50 31.49 59.99 
9 11.02 8.64 9.04 8.18 9.70 9.11 19.66 17.22 18.81 28.70 26.99 55.69 
10 11.12 9.64 9.04 9 .52 9.76 10.91 20.76 18.56 20.67 29.80 30.19 59.99 
11 11.18 9.10 9.07 8.30 9.28 10.12 20.28 17.37 19.40 29.35 27.70 57.05 
12 11.70 9.44 9.19 7.81 8.38 8.76 2l.14 17.00 17.14 30.33 24.95 55.28 
13 11.41 7.54 8.66 8.94 8.33 10 .00 18.95 17.60 18.33 27.61 27.27 54.88 
14 10.96 8.72 8.34 8.23 7.71 9.67 19.68 16.5 7 17.38 28.02 25.61 53.63 
15 12.53 7.10 8.62 7.25 7 .03 10.73 19.63 15.8 7 17.76 28.25 25.01 53.26 
16 10.76- 7.80 7.29 7.48 7.39 8.32 18.56 14.77 15.71 25.85 23.19 49.04 
17 10.16 8.41 8.11 8.77 8.12 8.70 18.57 16.88 16.82 26.68 25.59 52.27 
18 11.91 8.36 7.48 8.14 6.69 8.00 20.27 15.62 14.69 27.75 22.83 50.58 
19 11.33 7.97 7.69 8.82 6.67 8.99 19.30 16.51 15.66 26.99 24.48 51.47 
20 10.93 8.24 7 .72 8.11 7.66 8.62 19.17 15.83 16.28 26.89 24.39 51.28 
21 9.94 8.20 8.40 7 .47 7.04 8.44 18.14 15.87 15.48 26.54 22.95 49.49 
22 11.69 8.04 7.92 6.83 6.05 9.12 19.73 14.75 1517 27.65 22.00 49.65 
23 11.05 7 .84 8.48 7.45 6.89 9.60 18.89 15.9 3 16.49 27.37 23.94 51.31 
24 10.59 7.62 7.53 6.23 6.58 9.33 18.21 13.76 15.91 25.74 22.14 47.88 
25 1l.09 7.32 8.67 6.95 6.52 8.69 18.41 15.62 15.21 27.08 22.16 49.24 
26 1l.46 8.06 8.10 7.67 6.14 8.03 19.52 15.77 14.17 27.62 21.84 49.46 
27 11.16 7 .92 8.90 7.81 7.28 9.44 19.08 16.71 16.72 27.98 24.53 52.51 
28 • 10.02 8.68 9.55 9.90 7.37 10.03 18.70 19.45 17.40 28.25 27.30 55.55 
29 1l.58 7.53 9.24 5.33 7.82 10.92 19.11 14.57 18.74 28.35 24.07 52.42 
30 9.63 8.40 8.97 10.57 6.51 9.10 18.03 19.54 15.61 27.00 26.18 53.18 
31 10.35 8.82 9.08 9.34 6.96 8.45 19.17 18.42 15.41 28.25 24.75 53.00 
32 10.79 8.80 8.00 8.07 7.59 9.52 19.59 16.07 17.11 27.59 25.18 52.77 
33 10.17. 9.04 9.45 9.04 8.40 9.44 19.21 18.49 17.84 28.66 26.88 55.54 
34 10.25' 7.80 7.64 7.53 7.72 10.68 18.05 15.17 18.40 25.69 25.93 5l.62 
35 ]0.08 8.22 7.94 8.11 7.03 9.85 18.30 16.05 16.88 26.24 24.99 5l.23 
36 10.67 9.85 8.89 7 .61 8.67 10."5 7 20.52 16.50 19.24 29.41 26.85 56.26 
37 9.27 9.38 8.78 8.36 8.87 9.57 18.65 17.14 18.44 27.43 26.80 54.23 
38 10.54 ] 1.00 9.17 9.34 9.15 11.04 2l.54 18.51 20.19 30.71 29.53 60.24 
39 9.79 9.24 8.29 9.58 9.09 9.85 19.03 17.87 18.94 27.32 28.52 55.84 
40 1l.86 8.89 9.41 10.41 10.16 12.66 20.75 19.82 22.82 30.16 33.23 63.39 
41 7.17 8.89 8.44 12.15 10.48 12.46 16.06 20.59 22.94 24.50 35.09 59.59 
42 8.03 9.45 9.54 10.38 10.16 10.38 17.48 19.92 20.54 27.02 30.92 57.94 
43 8.19 9.74 9.33 11.05 11.48 12.70 17.93 20.38 24.18 27 .2 6 35.23 62.49 
44 7.89 8.26 9.61 11.66 10.03 10.02 16.15 21.27 20.05 25.76 31.71 57.47 
45 8.80 7.50 9.43 12.82 12.10 1l.08 16.30 22.25 23.18 25.73 3 6.00 6l.73 
46 8.00 9.83 10.12 12.19 8.25 11.24 17.83 22.31 19.49 27.95 31.68 59.63 
47 7.54 8.87 10.15 11.96 11.24 12.97 16.41 22.11 24.21 26.56 36.17 62.73 
48 8.07 8.18 9.26 12.17 10.29 11.96 16.25 21.43 22.25 25.51 34.42 59.93 
49 7.46 8.50 10.39 11.29 11.04 11.39 15.96 21.68 22.43 26.35 33.72 60.07 




TABLE XXVII. THE INDIVIDUAL YIELDS IN POUNDS OF DIFFERENT SIZED PLOTS OF McCULLOCH CORN IN 1925, OB· 
TAINED BY ADDING THE YIELDS OF DIFFERENT NUMBERS OF CONSECUTIVE HILLS IN ROWS NORTH AND SOUTH 
8·Hill plots I 16·Hill plots 24·Hill ,plots I 48·Hill plots 
Row Series number Series number Series number Series number 
number 1 2 3 4 5 6 1 I 2 3 1 I 2 I 1 
3 9.86 11.98 10.00 10.02 9.65 7.50 21.84 20.02 17.15 31.84 27.17 59.01 
4 11.15 12.61 11.92 9.65 8.72 7.58 23.76 21.57 16.30 35.68 25.95 61.63 
5 10.21 11.02 12.01 10.83 10.29 7.47 21.23 22.84 17.76 33 .24 28.59 61.83 
6 11. 77 11.81 11.33 10.88 9.42 6.94 23.58 22.21 16.36 34.91 27.24 62.15 
7 10.01 10.56 11.67 10.17 11.48 7.86 20.57 21.84 19.34 32.24 29 .51 61.75 
8 10.05 10.46 10.84 11.56 8.66 8 :59 20.51 22.40 17.25 31.35 28.81 60.16 
9 10.93 11.00 10.59 10.02 8.81 7.97 21.93 20.61 16.78 32.52 26.80 59.32 
10 10.43 11.17 9.72 10.82 10.38 9.27 21.60 20.54 19.65 31.32 30.47 61.79 
11 10.42 9.47 9.59 9 .96 11.95 9.45 19.89 19 .55 21.40 29.48 31.36 60.84 
12 10.02 8.00 9.04 8.81 9.59 8.84 18.02 17.85 18.43 27.06 27.24 54.30 
13 7.39 7.81 7.59 7.88 8.36 6.87 15.20 15.47 15.23 22.79 23.11 45.90 
14 10.12 7.46 8.53 8.99 9.94 8.65 17.58 17.52 18.59 26.11 27.58 53.69 
15 8.67 8.09 6.10 7.03 8.75 9.64 16.76 13.13 18.39 22.86 25.42 48.28 
16 7.37 8.95 7.52 7.64 8.77 8.29 16.32 15.16 17.06 23.84 24.70 48.54 
17 10.56 8.60 7.34 8.32 8.67 9.55 19.16 15.66 18.22 26.50 26.54 53.04 
18 9.22 8.09 7.58 8.36 8.89 10.45 17.31 15 .94 19.34 24.89 27.70 52.59 
19 9.43 8.77 8.14 8.09 8.95 9.28 18.20 16.23 18.23 26.34 26.32 52.66 
20 9.13 8.04 7.41 9.06 7.71 8.53 17.17 16.47 16.24 24.58 25.30 49.88 
21 8.62 7.53 8.27 7.78 8.73 8.25 16.15 16.05 16.98 24.42 24.76 49.18 
22 9.02 7.70 7.70 8.98 8.42 11.04 16.72 16.68 19.46 24.42 28.44 52.86 
23 9.54 8.09 8.16 8.49 9.78 11.08 17.63 16.65 20.86 25.79 29.35 55.14 
24 9.15 8.11 7.85 9.18 8.55 9.67 17.26 17.03 18.22 25.11 27.40 52.51 
25 9.05 8.80 8.05 9.15 9.39 10.03 17.85 17.20 19.42 25.90 28 .57 54.47 
26 10.52 9.72 8.93 10.10 8.93 11.87 20.24 19.03 20.80 29.17 30.90 60.07 
27 9.56 10.35 8.81 10.11 11.62 13.58 19.91 18.92 25.20 28.72 35.31 64.03 
28 9.18 8.72 7.45 8.41 10.18 . 12.97 17.90 15.86 23.15 25.35 31.56 56.91 
29 8.88 8.14 7.38 10.83 9.43 11.74 17.02 18.21 21.17 24.40 32.00 56.40 
30 8.86 7.81 7.52 7.77 9.64 12.56 16.67 15.29 22.20 24.19 29.97 54.16 
31 9.23 7.82 6.95 8.17 8.74 12.20 17.05 15.12 20.94 24.00 29.11 53.11 
32 9.08 7.89 8.22 8.54 9.37 . 11.32 16.97 16.76 20.69 25.19 29.23 54.42 
33 7.60 7.81 6.71 6.33 8.16 11.27 15.41 13.04 19.43 22.12 25.76 47.88 
34 8.74 6.38 6.49 7.43 8.80 10.61 15.12 13.92 19.41 21.61 26.84 48.45 
35 9.24 8.11 8.31 6.39 9.84 10.90 17.35 14.70 20.74 25.66 27.13 52.79 
36 10.29 8.05 8.16 8.31 7.87 11.19 18.34 16.47 19.06 26.50 27.37 53.87 
37 9.95 7.50 7.09 7.10 8.60 10.79 17.45 14.19 19.39 24.54 26.49 51.03 
3 8 9.48 8.18 5.96 7.87 9.06 10.05 17.66 13.83 19 .11 23.62 26.98 50.60 
39 9.16 7.63 5.57 6.96 8.72 10.45 16.79 12.53 19.17 22.36 26.13 48.49 
40 8.95 8.01 5.71 6.63 10.06 10.68 16.96 12.34 20.74 22.67 27.37 50.04 
41 10.14 8.60 7.27 7.90 10.06 11.39 18.74 15.17 21.45 26.01 29.~5 55.36 
42 10.79 6.85 5.48 8.49 9.40 10.65 17.64 13.97 20.05 23.12 28.54 51.66 
43 8.22 8.05 6.26 8.63 10.21 9.68 16.27 14.89 19.89 22.53 28.52 51.05 
44 9.55 7.28 7.47 8.45 8.27 11.55 16.83 15.92 19.82 24.30 28.27 52.57 
45 10.49 9.15 8.05 8.98 11.32 12.37 19.64 17.03 23.69 27.69 32.67 60.36 
46 10.84 8.98 8.05 8.45 12.33 11.86 19.82 16.50 24.19 27.87 32.64 60.51 
47 12.51 10.48 10.42 10.19 12.22 12.82 22 .99 20 .61 25.04 33 .41 35.23 68.64 
48 10.17 9.39 11.59 11.57 10.48 9.98 19.56 23.16 20.46 31.15 32.03 63.18 
49 12.39 10.77 8.17 10.06 8.30 13.82 23.16 18.23 22.12 31.33 32.18 63.51 
50 11.58 10.20 10.81 11.25 13.25 12.83 21.78 22.06 26.08 32.59 37.33 69.92 
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